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ABSTRACT

Large numbers of mallards (Anas platyrhynchos) winter in or
migrate through middle and northern latitudes of the midcontinent
region in North America.

Although an intensively studied species,

the wintering and staging ecology of mallards north of traditional
areas has received limited attention, leaving waterfowl administra
tors with limited information for developing management guidelines
for mallard populations during these periods of the year.
Mallard activity patterns, foraging strategy, and physical
condition were studied on the Platte River in south central Nebraska
from mid-December to early April, 1978-80.

Local movements, time

budgets, food habits, physiology, and energetics during winter and
early spring provided an improved perspective of mallard require
ments during these stages of the annual cycle.
Weather conditions had a major influence on habitat use.
Mallard use of the Platte River rose markedly during the mild winter
of 1980 and disparity of age and sex ratios was lower than during
the previous winter when conditions were more severe.

Significant

emigration occurred during prolonged periods of cold, which raised
questions concerning establishment of traditional wintering grounds
and interflyway movements of post-season banded birds.

Riverine and

canal roost habitats appeared to have similar geophysical character
istics but significantly different microclimates.
xiv

The warmer canal

microclimate attracted mallards during severe weather, but over
crowding, lack of aquatic food, and increased risk of predation caused
most mallards to return to riverine habitats when weather conditions
improved.

The primary activity centers of adults and yearlings were

canals and riverine habitats, respectively.

Yearlings had lower

roost fidelity and made more and longer exploratory flights.

Females

spent more time feeding than males; males were more alert, aggressive,
and spent more time in comfort movements.

Paired mallards displaced

unpaired birds, suggesting an advantage for being paired during the
winter period.
Zea mays, Lemna minor, Polygonum spp., Echinochloa muricata,
and Sorghum vulgare were the principal foods consumed during winter
and spring migration.

Mallards depended heavily on waste corn which

formed 97% of the diet in agricultural habitats.

The winter diet con

tained lower levels of nutrients than recommended for captive birds
of wild stock, emphasizing the importance of access to aquatic feed
ing sites.

Grazed corn stubble was the preferred agricultural

habitat. Mallards lost weight throughout winter but attained pre
winter levels during the staging period.

Body and carcass weights

followed weather trends; females gained weight before males.
weights remained low until spring.
molt was related to pair status.

Gonadal

Initiation of female prebasic
Energy budgets of paired and un

paired birds were similar, although time budgets were different, sug
gesting that behavioral patterns optimized energy expenditure for
maintenance and productive uses.

xv

INTRODUCTION

The loss of waterfowl habitat in North America has greatly ac
celerated since the late 1800's due to drainage, and alteration of
coastal and inland wetlands.

Water resource development programs in

the central and western regions of the United States have resulted
in the creation of numerous reservoirs and altered the flow char
acteristics of many rivers resulting in new migration and winter
habitats for waterfowl (Wager 1946, Horn 1949, Buller 1975).

The

development of new habitat has caused staging areas to change ac
cordingly (Bellrose 1980, p. 40), resulting in large numbers of waterfowl wintering north of their traditional winter range (Yancey et a l .
1978, p. 108).
Changes brought on by water development are affecting mallard
(Anas platyrhynchos) population characteristics and behavioral patterns
in the midcontinent region.

Resident wintering mallards constitute

an increasingly important part of annual waterfowl harvests in cen
tral states (Grieb & Boeker 1954, Geis 1971), and northern winter
ing populations consist primarily of males (Ferguson et al. 1981).
Dependence on agricultural foods and foraging habitats (Girard 1941,
Reed 1971, Sugden et al. 1974), which are subject to highly variable
climatic and economic conditions, appears to be increasing.

In ad

dition, large wintering populations are now concentrated at isolated
sites containing open water in close proximity to suitable foraging
1

silos thereby Increasing the risks of mortality from exposure, star
vation, predation, and disease.
Throughout their annual cycle, waterfowl optimize time and
energy budgets in response to environmental conditions.

Several,

studies have shown that weather-related stress, especially low tem
peratures, affect wintering waterfowl distribution and movements (Reed
1971, Cain 1973,

Bennett & Bolen 1978).

Habitat selection and move

ments between habitats often are attempts to minimize the effects of
short-term weather conditions by selecting optimal microhabitats.
Porter and Gates (1969) discussed the importance of an animal’s micro
climate and described it as a four dimensional space consisting of
four independent variables— temperature, humidity, wind and radiation.
The relationship between solar radiation and behavior in birds has
been described by several studies (Lustick 1969, Krantz & Gauthreaux
1975, Lustick et al. 1978, DeJong 1979, Weathers & Nagy 1980, and
others).

Grubb (1975) reported that foraging behavior of birds is

dependent on the relationship between microclimate and weather pat
terns.

Presently, there is a lack of information concerning habitat

selection by waterfowl in relation to microclimate variables.

The

focus of Chapter I is to examine this relationship and to determine
the influence of weather on habitat selection and time budgets of
wintering and spring staging mallards in the midcontinent region.
At middle and northern latitudes, winter survival of waterfowl
is dependent on the amount and quality of food resources available
to meet dietary requirements.

Previous studies have indicated that

waterfowl will fly long distances to forage in preferred agricultural

3
habitats (Hossoninaier & Mar sitall 1938).

Cirard (1941) and Reed (1971)

reported that field-feeding mallards overwintering in Montana and
Michigan made one foraging flight per day to feed on waste grain.
Sugden et al.

(1974) reported that mallards wintering in Alberta,

Canada were dependent on waste grain feeding programs and that most
mallards ceased to overwinter when artificial feeding was curtailed.
Although the dependence of wintering waterfowl on agricultural waste
has been studied, the importance of wild plant and animal food in the
mallard's winter and spring staging diet is unknown.

This question

is addressed in Chapter II where emphasis is placed on the winter and
early spring feeding ecology of mallards in south central Nebraska.
Mallards wintering in colder and more variable climates than
on traditional wintering grounds may encounter weather extremes that
exert stress on their energy balance.

Survival during periods of

repeated and prolonged winter stress may require unique physiological
and/or behavioral adaptations.

Studies have shown that avian physical

condition and metabolism are correlated with temperature and other
weather variables and that winter fat reserves are catabolized for
thermoregulation (Folk et al. 1966, Kendeigh 1969, Owen 1970, Ivacic &
Labisky 1973, Blem 1976, Prince 1979, and others).

In addition,

birds wintering in extreme and highly variable weather conditions may
have lowered physical condition which affects reproduction potential
the following spring.

Recent studies have shown hen condition to be

a significant factor influencing reproduction in mallards (Krapu
1981) and snow geese (Ankney & Maclnnes 1978).

Although the mallard

is one of the most intensively studied waterfowl species in North

America, its physical condition and energy requirements during winter
and spring staging periods have never been fully investigated.

The

emphasis of Chapter III is to determine the physical condition and
energy budgets of mallards during the wintering and spring staging
period and relate data on these parameters to phenology, weather and
habitat conditions, and age.
In summary, the objectives of this study were to:
mine winter and early spring food habits of mallards,

(1) deter

(2) determine

time and energy budgets of mallards during the winter and migration
period,

(3) determine physical condition and relate to phenology,

weather and habitat conditions, and age, and (4) determine the influ
ence of weather on daily movements and habitat selection.

Study Areas
The study areas were located in south central Nebraska along
336 km of the Platte River from Chapman to Lewellen and in the Rain
water Basin area between Harvard and Loomis (Fig. 1).

Data collection

during winter was concentrated on the Platte River and adjacent areas
from Gibbon to Kearney and Elm Creek to Lexington.

During spring,

the main study areas were Harvard Marsh Waterfowl Production Area
(WPA) near Harvard, Prairie Dog ETA near Axtell, and McMurtrey WPA
near Hastings (Fig. 1).

In addition, during the 1979 season, data

were collected at sites near Gothenburg and Paxton and on Sand Creek
near the northern shore of Lake McConaughy.
Collection sites on the Platte River were typically shallow
secondary channels braided between wooded islands and sandbars

Figure 1.

The Platte River and Rainwater Basin study areas in south
central Nebraska.
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where island fens, beaver ponds, and wash out. pooLs were common.
These areas remained relatively ice-free and supported limited plant
growth and gastropods throughout winter and were preferred by mal
lards over the wider, deeper swift water of the main channels.
Adjacent to the south channel and draining into the Platte
River between Elm Creek and Canaday Steam Plant were interconnected
natural and irrigation canal drainages.

These sites remain open in

winter and attract large concentrations of mallards during cold
spells when ice covers most of the river.

East-west canals with

spoil banks and occasional trees along the north bank afford mallards
protection from prevailing northwest winds.

The extensive expanse of

cornfields adjacent to roost sites provide an abundant food resource
for wintering waterfowl.
Radio-equipped mallards were tracked on a 28,700 ha area be
tween Elm Creek and Lexington.

The area was traversed by drainage and

irrigation canals, the Platte River, and Interstate 80.

Riverine

habitat, including present and former channels, comprised 22% of the
study area.

Grasslands (93% grazed pastures), and haylana (32%

mowed alfalfa), accounted for 13 and 14% of the study area, respec
tively.

Cornfields formed 47% of the study area and consisted of

70% grazed stubble, 20% idle stubble, and 9% cultivated stubble.
Cattle feedlots, although less than 1% of the study area, were a
prominent habitat utilized by mallards.
Mallard collection sites in the Rainwater Basin areas were
large shallow wetlands dominated by submergent and emergent vegeta
tion and were traditionally recharged by runoff from surrounding

8
agricultural lands.

Due to chronic waterfowl disease problems in re

cent years and the need to disperse high concentrations of birds,
pumping stations have been built on several WPAs to fill basins by
pumping from underground acquifers when dry.

Artificial drainage and

land leveling associated with agricultural development have destroyed
82% of the basins (McMurtrey et al. 1972), resulting in markedly in
creased numbers of mallards on the remaining basins.

In addition to

the high numbers present during spring migration, waterfowl use the
basins for breeding, but densities and reproductive success vary
with annual water conditions (Evans & Wolfe 1967).
Corn (59%) was the predominant agricultural crop adjacent to
basins.

Winter wheat (13%), sorghum (9%), soybeans (1%) and alfalfa

(2.0/%) were also common grain and forage crops.

Snow melt and spring

rains occasionally provide sheetwater areas on surrounding agricul
tural fields.

Staging of birds begins in the Rainwater Basin Area

around 1 March when the basins become ice-free.

CHAPTER 1

INFLUENCE OF WEATHER ON HABITAT USE AND BEHAVIOR OF
WINTERING AND STAGING MALLARDS IN NORTHERN CLIMATES

Methods
Data were collected on the wintering area from mid-December to
mid-March in 1978-79 and 1979-80, and on the staging area from midMarch to early April in 1979 and 1980.

Diurnal behavioral observa

tions were made using a 20X spotting scope and Questar 1300mm scope.
Nocturnal observations were collected with a Javelin Model 226 long
distance night viewing device (NVD) equipped with a 300mm lens.
Bird activities were recorded at 12-second intervals by using
a metronome timer.

Individual mallards were chosen randomly by lo

cating a group of birds in the scope’s field of view and, after
looking away and slightly moving the scope horizontally and/or
vertically, observing the individual nearest to the point where the
cross-hairs intersected.

For paired birds, which were not randomly

selected, data were recorded for both birds simultaneously.

If one

member of the pair moved out of the scope’s field of view, data
were recorded for the bird remaining visible.

The bird in view was

considered paired unless the mate left the area, in which case both
individuals were reclassified as unpaired.

A minimum of 1 minute

and a maximum of 1 hour of continuous data was collected for each
individual or pair observed.

Nocturnal time budget (TBD) was
9
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co 1.1ecU'd on clear or nearly clear nights when suff icient starlight
permitted sex determination at a minimum distance of 100 in.

Snowfall

on surrounding areas and/or moonlight greatly extended the distance
at which sex could be determined.

The dark head was the. most promi

nent characteristic identifying males at night.

Time budget activi

ties were segregated into 15 categories as follows:
Sleeping —

sleeping and resting, usually with head held close
to the body or resting over the back with bill
tucked into the feathers.

Swimming —

aquatic locomotion, including bathing not directly
performed while feeding.

Walking —

terrestrial locomotion not directly performed while
feeding.

Comfort movements —

maintenance activities such as preening

and stretching.
Loafing-feeding —

feeding activity while standing or walking

on a shoreline.
Surface feeding —

aquatic surface feeding without submerging

the head.
Head dipping —

subsurface aquatic feeding with head and/or

neck submerged, but not tipping.
Tipping —

subsurface aquatic feeding with head and neck sub
merged and body orientated in a vertical position.

Field feeding —

foraging on waste agricultural grains in

f ields.

11
FcedloL feeding —

foraging on waste agricultural grains in

and around feed bunkers and/or in cow dung.
Threat behavior —

open bill displays, aggressive attacks, and

fighting.
Courtship —

inciting, head-pumping, and other pair bonding
and precopulatory behavior.

Copulation —
Alert —

mounting and copulation.

head up, unusually stretched, and cessation of ac
tivities.

Out-of-sight —

complete loss of visual contact which terminated

observation of the individual or pair.
A male and female were considered paired if they remained to
gether and exhibited pair behavior during the observation period.
Pair behavior included maintenance of a distinct distance from other
individuals or groups, aggression towards approaching birds, mutual
performance of activities, or precopulatory and copulatory behavior.
Lacking observations of marked pairs, a determination of pair status
is subjective and chance associations between males and females may
be a source of error.

However, the behavior of pairs and tolerance

of females to males was quite obvious and consistent and, therefore,
justifies separate grouping and analysis.
Nineteen mallards were captured with cannon nets, bait traps,
or drive traps; these birds were fitted with transmitters similar to
those used by Dwyer (1972) .

Raclio-marked birds were followed from

1A January to 15 March 1980.

Diurnal locations were recorded from

pre-dawn to dusk at hourly intervals when possible.

Time, ground
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condition (Owen 4 Cook 1977), and habitat were recorded at each loca
tion.

Nocturnal tracking was conducted several times to determine

if mallards changed roost sites during Lhe night.

In addition, from

16 January to 3 March, two marked birds randomly selected each day
were tracked during evening feeding flights, and time of day, dura
tion of flights, additional flight time, raptor presence and activity,
ground condition, and habitat type were recorded.

Computer analysis

of telemetry data was accomplished with a program developed by Cedar
Creek Bioelectronics Laboratory employing the grid square, minimum
area method of computation.
16.2 ha (40 acres).

Minimum square area for this study was

Size of activity center, however, was determined

by connecting outermost locations with straight lines and measuring
the enclosed area with a planimeter.

Sites used were separated into

primary and secondary activity centers; exploratory sites were based
on the proportion of locations for that bird as follows:
Primary activity center —

highest percentage of locations

greater than 15%.
Secondary activity center —

more than 15% of locations but

less than the primary activity center.
Exploratory site —

less than 15% of locations.

Exploratory sites within 0.4 km of each other were considered as one
site, and those greater than 0.4 km were recorded as separate sites.
Activity center area was calculated from the number of squares filled
by animal locations and home range fill.

Distance of exploratory

movements from the primary activity center were measured from the
center of each area.

13
Microclimate date were taken at two roosting sites heavily
utilized by wintering mallards.

Measurements taken included daily

maximum-minimum temperature, relative humidity, and solar radiation
within 30 cm of the soil or water surface.

These stations were lo

cated on a canal 4 km east-southeast of the Overton Interstate 80
exit, and on the north bank of the Platte River on the Lillian Annette
Rowe bird sanctuary near Gibbon.

In addition, monthly weather sum

maries containing maximum-minimum temperature, relative humidity, and
precipitation for Kearney, Holdredge, and the Canaday steam plant
were obtained from the U.S. Environmental Data Service (1978-80).
Mallards which were collected or live-trapped were aged ac
cording to Krapu et al.
teristics.

(1979) and were sexed using plumage charac

Sex ratio data were collected at roost sites by use of

aerial photography (Ferguson et al. 1981), as well as by standard
ground counts and observations during foraging flights.
Habitats on the study area were identified, delineated and
plotted on 1:24000 U.S. Geological Survey topographic maps.

Field

boundaries visible on U.S. Department of Agriculture (USDA) aerial
photographs were transferred to topographic maps and were verified
by ground truthing.

Cropland acreages planimetered by the USDA were

used when existing field boundaries were the same as those shown on
the aerial photographs; otherwise, acreages were estimated with a
dot grid.
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Kusu.lt8 and Discussion

PojiuLation Characteristics

W inter.— Marked differences existed in tiie size of the winter
ing mallard population in 1979 and 1980 (Table 1).

Five times more

mallards were present during the mild winter of 1980 than during the
very cold winter of 1979.

However, during both years as winter pro

gressed and became more severe, mallards emigrated from the study
area.

By mid-February 1979 and 1980, winter populations had de

creased 39 and 75%, respectively.

Adult mallards dominated wintering

flocks, a trait characteristic of most waterfowl wintering concen
trations (Bellrose 1980).

Adults comprised 72% (N = 68 birds) of

the population during winter 1979 and 62% (N = 157) during 1980.
Sex ratios of overwintering mallards indicated a preponderance of
males.

During winter 1979, males comprised 74% (N = 140) of the popu

lation compared to 52-61% (N = 15,435)
winter 1980.

(Ferguson et al. 1981) for

Additional data collected during foraging flights in

February 1980 indicated a sex ratio skewed toward males (59%, N =
1904).

Age and sex ratios of flocked mallards observed during this

study were similar to those of mallard populations overwintering as
far north as Alberta, Canada (Sugden et al. 1974) and in Finland
(Pulliainen 1963).
It is thought that adult mallards in following years return to
the wintering ground utilized during their first winter (Bellrose &
Crompton 1970).

However, weather conditions existing during winter,

especially at middle and northern latitudes, may have a subtle but

Table 1.

Estimated population size, age ratios, and sex ratios of mallards wintering and spring
staging in south central Nebraska, 1979 -80,
Age ratios

Season

Population
size

Adult male
to yearling(N)

Sex ratios
Adult female
to yearling(N)

Combined adult
to yearling(N)

Male to
female(N)

TT.
a
Winter
1979

5,059

2.6(47)

2.5(21)

2.6(68)

2.73(140)

1980

25,708

2.4(17)

2.5(21)

2.5(38)

1.47(1,904)

1980

25,708

1.3(83)

2.0(36)

1.5(119)

1.58(15,435)b

1979

122,450°

1.5(10)

2.3(10)

1.9(20)

1980

124,020°

3.0(8)

3.0(8)

3.0(16)

1.27(2,459)

1980

124,020°

2.8(42)

1.1(15)

2.2(57)

1.77(523)

Spring

^Mid-January census flight.
^Ferguson et al. 1981.
U.S. Fish and Wildlife Service census data.
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more profound influence on subadult; establishment of traditional win
tering, areas.

Inexperienced and subordinate subadults probably cannot

compete with adults for limited space and food on northern wintering
grounds, and they most likely are the first birds that emigrate at
the onset of severe weather.

Nichols and Haramis (1980) and Sayler

and Afton (1981) suggested that subdominance of females to males in
the canvasback (Aythya valisineria) and common goldeneye (Bucephala
clangula) , resulted in competitive exclusion of females from optimal
foraging sites and restricted their wintering distribution.

My cen

sus data imply that birds which emigrated did not return when severe
conditions lessened, thereby questioning which wintering area became
traditional for these birds.

Midwinter emigration of northern post

season banded mallards to southern wintering areas, where chances of
mixing with other flyway populations are increased, may explain the
interflyway movement reported by Hopper et al.
Gabig (1979), and others.

(1978), Hyland and

Once the traditional wintering ground has

been established, fidelity to that site by adults appears strong
(Sugden et al. 1974, Liinpert 1980, Nichols and Haramis 1980, and
others).

One of the radio-marked adult males captured and banded on

16 January 1980 was shot by a hunter on 8 December 1980 within 0.4
km of the capture site.

This bird apparently had departed from the

winter study area on 12 March 1980.
Spring Staging.— The estimated peak population size of mallards
staging in the Rainwater Basins was similar for both years (Table 1).
Sample sizes of mallards collected during spring staging were low,
but the data suggested that the staging population was strongly
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dominated by adults during both years (Table 1).

Although there was

an overall 3:1 ratio of adults to yearlings in 1980, the age compo
sition of mallards killed by fowl cholera on the staging area during
1980 was 2.2:1

(N = 37).

Males continued to predominate in the. stag

ing population throughout March 1930, making up 56% of 2,459 birds
identified during foraging flights and 64% of 523 of those found in
marsh habitats.

Many males using marsh habitats were in courting

groups, which may have biased sex ratio estimates.

Sex ratios re

mained constant throughout each wintering and staging period.

Habitat Characteristics of Roost

Sites

Riverine sites and drainage canals that were used as roost sites
by wintering mallards appeared to have similar geophysical character
istics.

However, an investigation of microclimates from 16 January

to 22 February 1980 indicated that a difference in temperature
existed in the surrounding macroclimate and between habitats (Table 2)
Riverine.— Riverine roost sites were open areas in flood pools
and behind beaver dams, and were usually adjacent to treeless sand
bars and in close proximity to wooded banks and islands.

Often these

sites were sheltered from prevailing northwest winds by high banks
and dense woody cover and received maximum sunlight.

Temperature at

the riverine site was warmer than the ambient temperature (U.S.
Weather Station)

(Table 1) and ranged from -24.4 to 20.0°C (x =

1.1°C) compared to -26.7 to 12.2°C (x = 7.2°C) for ambient temperature.
During the 36-day observation period, maximum and minimum tempera
tures exceeded corresponding ambient temperatures 87 and 61% of the

IS

Table 2.

Mean daily temperature and relative humidity at riverine
and canal roost sites utilized by wintering mallards.

Temperature (°C)

Relative humidity (%)
Maximum

Minimum

Maximum

Minimum

Riverine

9.4

9.4

67.1

50.4

Canal

5.6

-7.2

85.9

65.3

-0.6

-11.1

0.0

-11.1

Location
„
.
a
Roost sites

U.S. weather stations
Kearney Airport
Canaday Steam Plant

Microclimate data collected within 2G cm of ground and/or water
surfaces.
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time, respectively.

Maximum and minimum relative humidity ranged

from 55 to 72% (x = 67.1, SE = 0.7) and 38 to 69% (x = 50.A, SE = 1.5),
respectively.

Highest relative humidity occurred 65.8% of the time

between 2200-0800 and lowest readings were recorded 92.1% of the
time between 0800-2200.
Drainage Canals.— Canal habitat used by mallards had charac
teristics similar to riverine sites.

East-west canals with high

north banks were most often preferred, particularly if trees on the
north bank offered protection from northwest winds and prevented snow
accumulations in the canal.

Canal widths were variable and ranged

from 11.0 to 19.5 m (x = 13.5, SE = 0.3) at bank apex and 4.0 to 10.8
m wide (x = 7.4, SE = 0.3) at water level.

Bank heights ranged from

1.2 to 2.8 m (x = 2.1, SE = 0.1) above the water's surface on the
north side and from 0.7 to 1.7 m (x = 1.1, SE = 0.03) on the south
side.

Differences in bank height optimized solar radiation reception,

which increased ambient temperatures, and greatly reduced exposure
and negative effects of prevailing winds to the microclimate.
depth was 12 to 36 cm (x = 23.7, SE = 0.9).

Water

Canal temperatures were

warmer than ambient temperatures and ranged from -22 to 16.1°C
(x = 5.0); ambient temperatures ranged from -26.7 to 12.8°C (x =
-6.7).

Maximum relative humidity in the canal ranged from 75 to 95%

(x = 85.9, SE = 0.7) and minimum relative humidity ranged from 40 to
91% (x = 63.3, SE = 2.1).

During the observation period, 88.9% of

daily maximum relative humidity occurred between 2200-0800 and 97.2%
of daily minimum occurred between 0800-2200.

Relative humidity was

approximately 29% higher in canals than riverine habitats, however
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canal habitats were less exposed to wind thereby reducing potential
wind chill effects.
Although instruments to directly quantify the influence of
solar radiation were not available during this study, it was quite
apparent that solar radiation had a marked effect on the microcli
mates.

The daily percent of solar radiation illluminating riverine

and canal habitats was similar.

However, the winter angle of the sun

to canal south-facing slopes allowed more absorption and less reflec
tance of sunlight than the gentle sloped riverine habitats.

Thus,

the increased absorption of solar radiation most likely accounted
for the warmer temperatures and, in part, for the wider fluctuations
of relative humidity in the canal habitats.

Because I lacked instru

ments sensitive enough to measure wind and air currents in the microhabi.tats, I was unable to determine the effects and importance of
wind chill.

Habitat Use
Based on the percentage of locations of radio-marked birds,
wintering mallards utilized riverine areas (47.2%) and irrigation
drainage canals (43.4%) as primary diurnal and nocturnal roost habi
tats (Table 3).

Open water areas that were sheltered by trees and

high banks and had slightly elevated sandbars and vegetated areas
received high use.

Three percent of mallard ioc. tions were from

mowed alfalfa fields, grazed pastures, and marsh habitats; these
areas were occasionally used as diurnal loafing and foraging sites
when containing sheetwater areas suitable for dabbling.

Drainage

Table 3.

Habitat use by 17 radio-marked mallards along the Platte River in south central
Nebraska during winter 1980.

Percent habitat use

Bird number

Body
weight (g)

Number of
locations

Riverine

Canal

Grazed corn
stubble

Cultivated
stubble

Other

Adult male
3

1250

131

68

27

5

0

• 0

4

1140

163

40

55

2

1

1

10

1460

244

47

41

8

3

Tra

12

1200

307

19

70

5

0

6

13

1280

174

37

56

5

0

2

(1266)b

(1019)°

(38.5)b

(52.9)

(5.3)

(0.2)

(3.1)

Yearling male
5

1160

234

65

29

3

0

3

6

1220

129

57

42

0

0

1

8

1310

165

41

50

7

Tr

2

(1230)

(528)

(55.7)

(33.4)

(3.6)

(0.2)

(2.1)

Table 3.

Continued

Adult female
2

1210

317

45

44

4

0

7

7

1230

119

23

72

4

0

1

11

1210

248

34

63

1

0

2

14

1160

244

58

36

3

Tr

3

13

890

56

73

25

2

0

0

(1140)

(984)

Yearling female

(44.3)

(49.3)

(2.7)

(0.1)

(3.6)

•

1

1000

278

48

49

2

0

1

9

1220

57

67

31

2

0

0

17

1010

81

68

31

0

0

1

19

860

112

86

12

0

0

2

(1023)

(528)

X = 3059
^Tr = less than 0.1%.
cCategory mean.
Category total.

(61.0)
Y = 47.2

(36.6)

(1.1)

43.3

3.5

(0)
0.1

(1.3)
2.8
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canals were used by adults more often than by yearlings, and adult
males occupied this habitat more frequently than did females (52.9
vs

49.3%).

Conversely, riverine habitats were used most by year

lings, with yearling females showing highest use (55.7 vs 61.0%).
There was a general tendency for heavier individuals to utilize canal
habitats, which was expected because heavier birds tended to be more
dominant and to occupy optimal habitats.

Grazed corn stubble fields

received the highest use among habitat types used for foraging, how
ever, cattle feedlots adjacent to drainage canals attracted large
numbers of mallards, particularly during periods of heavy snow cover
(Chapter II).

Cultivated and plowed corn stubble fields were

utilized most often following snowstorms because high winds prevented
or reduced snow accumulation on these habitats.
Movements between canal and riverine habitats were influenced
by ambient temperature, temperature and relative humidity at the
roost site, and ice formation.

During the coldest periods (28 Janu

ary - 3 February, 11-17 February, and 3-9 March) mallards concen
trated in warmer canal habitats but returned to riverine areas as
ambient temperature increased (Fig. 2).

Although maximum and mini

mum relative humidity were lower and more stable for riverine habi
tats, these areas were more exposed to wind, which caused them to
have a lower wind chill resulting in more rapid ice formation.

Dur

ing periods of severe cold, ice formation was undoubtedly an over
riding influence that forced mallards to move from riverine habitats.
However, during the time period presented in Figure 2, ice
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Figure 2.

Influence of temperature and relative humidity on habitat
use by radio-marked mallards during winter 1980.
line represents lower critical temperature ( T ^ ) .
Temperatures above 0°C are shaded.
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formation was not extensive or prolonged, suggesting that other fac
tors stimulated movement.
Because mallards generally Lose weight and are in their poorest
physical condition during periods of cold stress, movements between
habitats may be a behavioral response to minimize energy expendi
tures for thermoregulation, as has been shown for other avian species
(Krantz & Gauthreaux 1975, DeJong 1979).
(T

Lower critical temperature

) is the temperature at which an animal starts to expend energy

i-i

to thermoregulate, which for the mallard is approximately 13°C.

Dur

ing the cold periods shown in Figure 2, canal temperature more closely
approached

(dashed line) than other habitats, thereby reducing

energy expenditures for thermoregulation.
Although canals were more suitable habitats during cold periods
on the basis of information on microclimate, birds may face an addi
tional energy expenditure because of social interactions associated
with crowding, and reduced visibility may increase losses to preda
tors.

These factors may account for the return of mallards to river

ine habitats as soon as weather conditions improved and microclimates
became favorable.
Spacial Aspects of Roost

Site

Use.— The size of activity cen

ters was significantly different between adult and yearling females
(t-test, P < 0.05) but was not significantly different between adult
and yearling males (t-test, P <0.05)

(Table 4).

Yearling males

and females occupied 27.8 and 28.2% larger activity centers than
adult counterparts, respectively, perhaps due to immaturity or in
experience in selection of suitable habitats or displacement by

Table 4.

Spaclal characteristics of habitat use by 14 radio-marked mallards wintering In south central Nebraska during 1980.
_______________ Activity centers_______________

Bird number

Number of
observations

Roost
sire

________ Primary_________________ Secondary_____
Riverine
Canal
Riverine
Canal

Adult male
3
4
10
12
13

125
156
217
279
167

2106.0
3339.5
3608.0
3489.9
3235.4
Y - 3155.8

842.4(78)“
—
696.6(48)
—

Adult female
2
7
11
14

304
108
235
231

2997.0
2409.2
2594.3
2684.6
Y - 2671.3

—
—
356.4(46)

Yearling male
5
6
8

221
124
146

4524.4
3693.6
3878.7
Y - 4032.2

324.0(37)
210.6(26)
340.2(23)

Yearling female
1
19

272
114

3457.5
3392.7
Y - 3425.1

—

469.3(71)

97.2(35)
—
97.2(76)
162.0(59)

—
210.6(30)
—
405.0(15)
—

243.0(41)
178.2(82)
—
64.8(41)

745.2(52)d
—
—
356.4(47)*

____

—
—

324,0(57)
—

“Area In hectares (percent of observations).
cDistance (km) from primary activity center (range, N ) .
jMean distance (mean number of sites).
Two secondary activity centers, 226.8(15) and
518.4(37), combined.
jTvo secondary activity centers, 162.0(17) and
194.4(30), combined.
Tvo secondary activity centers, 664.2(20) and 469.8(15), combined.
®Tvo secondary activity centers,48.6(16) and 64.8(16), combined.

1134.0(35)f
129.6(19)
—

631.8(39)
—

—

48.6(19)
340.2(36)
—
—

—

—
162.0(35)
—

307.8(17)
113.4(32)8
113.4(22)

—

_____ Exploratory sites
Riverine
Canal

3.2(2.2-4.7,3)b
6.0(2.1-8.3,3)
6,3(4.2-7.7,3)
4.6(2.1-9.3,7)
11.1(1.7-17.6,6)
Total Y 5.3(3.6-7.0,2)
4.3(1.4-8.6,5)
4.4(2.3-6.2,4)
6.1(2.1-12.5.4)
Total Y -

____

—
5.0(4.0-6.0,2)
2.5
2.8(2.5-3.1.2)
6.1 (5.4)c
3.4
2.6
4.2
—
4.7(4.5)

4.0
5.0(1.7-9.1.3)
7.7(5.8-0.6,2)
7.5(4.0-13.0,6)
10.0(3.3-18.2,7)
9.8(3.6-14.5,5)
Total Y - 7.9(8.0)
7.8(4.6-9.9,3)
8.1(5.8-16.4,7)
Total Y -

4.7
3.9
7.4(5.5)
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adults leading to more movements in search of roosting habitat.

Al

though not significant (P > 0.05), activity centers of adult and year
ling males averaged 18.1 and 17.7% larger than female counterparts.
Females may not be able to maintain energy reserves as well as males
and therefore conserve energy by reducing energetically costly flight
within and between roost habitats.
Canal habitats typically were primary activity centers for
adults, and riverine habitats were primary activity centers for year
lings (Table 4), although most birds selected reciprocal habitats as
secondary activity centers.

During periods of cold temperatures when

canals were the most suitable roost habitats, limited water surface
area and subsequent crowding favored dominant birds, mostly adults
and pairs.

However, extreme cold probably caused dominant birds to

reduce energy demanding activities, particularly aggression, which
would permit subdominant birds to utilize canal habitat during these
periods.

As expected, canal activity centers were much smaller

than riverine centers due to less habitat being available in canals
and effects of crowding.

Roost fidelity was generally stronger for

adults, which had fewer activity centers and made fewer exploratory
flights, than for yearlings, which occupied more activity centers
and made more and longer exploratory flights.
All birds made more exploratory flights to riverine sites than
to canals, in part due to lower availability of canal habitats
and, more notably, because of preference for riverine habitats as
aquatic foraging sites when warmer ambient temperatures prevailed.
Adult and yearling males flew an average of 1.4 and 0.5 km further
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to exploratory sites than did female counterparts, and yearlings flew
to more exploratory sites than did adult counterparts, presumably
due to either inexperience in locating suitable foraging and roost
sites, displacement by dominant adult males, or courtship inexperi
ence (males).

Activity Patterns

Winter (general).— During winter 1979, mallards foraged more in
tensively in agricultural habitats presumably to increase energy in
take for thermoregulation, but spent less time searching for foods in
aquatic habitats (Fig. 3).

Feeding in aquatic areas may be important

to obtain calcium-rich animal matter to supplement calcium-poor corn
diets (Ken Reinecke, unpublished data).

The between-year difference

suggests that mallards may fast or sacrifice a nutritionally balanced
diet in order to conserve adequate energy for thermoregulation dur
ing severe winters or cold spells.

Aggression and alertness were

also lower during 1979, possibly to conserve energy and because in
dividuals were in lower physical condition.

As a result of decreased

alertness, raptor predation on mallards was highe*. during 1979
(Dennis Jorde and Gary Lingle, unpublished data).
The proportion of time spent sleeping did not increase during
nocturnal periods (1900-0700) in 1980.

At night mallards spent

more time in aquatic feeding and courtship activity and were more
alert, aggressive, and reproductively active.

Courtship activity

during 1980 was lower during the day than in 1979, but was higher
during the nocturnal period.

This may indicate that during cold
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Figure 3.

Activity patterns of mallards during severe (1979) and
mild (1980) winters in south central Nebraska.
above each bar are sample size.
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winters (.1979) courtship activity is reduced and/or limited to day
light hours, a time when ambient temperatures are warmer and energy
needed for thermoregulation is lower.

As expected, nocturnal court

ship activity was higher during the warm winter of 1980, suggesting
that energy available for productive expenditures increased as main
tenance energy requirements, especially for thermoregulation, de
creased.

Raitasuo (1964) also noted an increase in daily courtship

activity as cemperature increased.

Because nocturnal observations

had to be made during clear nights, activities observed may not be
typical for cloudy or overcast nights.
Winter (roost sites).— Activity patterns were markedly different
between roost sites within and between years (Fig- 4).

Mallards were

more active in riverine habitats than in canals, due mostly to in
creased amounts of time spent swimming and feeding in aquatic habi
tats.

Mallards spent similar amounts of time swimming in canal

habitats (12 and 13%, respectively) during both winters, but spent
more time swimming in riverine habitat during 1979 (21%) than 1980
(11%) in association with increased aquatic feeding and courtship
activity.

Aquatic feeding in riverine habitats was 45% higher dur

ing winter 1979, probably due to increased stress associated with
extended periods of use of canal habitat while aquatic food re
sources were .low.

Because canal habitats were utilized less inten

sively during 1980, mallards were probably better able to maintain a
nutritional balance, thereby reducing the amount of time needed for
riverine aquatic feeding.

Because the energy content of animal and

plant matter consumed in aquatic habitats does not equal the
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Figure 4

Diurnal activity patterns of mallards in roost sites dur
ing two climatically different winters in south central
Nebraska.
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energy expended searching for Chose foods, mallards, like sandhill
crames (Grus canadensis) (Ken Reinecke and Gary Krapu, unpublished
data), sacrifice energy to meet specific nutritional needs.
Although courtship activity accounted for only a small percen
tage of the time budget, the 1% increase which occurred in riverine
habitat during 1979 may be significant.

During this winter of pro

longed cold spells, courtship activity was probably suppressed to
conserve energy.

When the temperature climbed and mallards returned

to riverine habitats, courtship activity rebounded perhaps in
response to more productive energy available due to the decreased
cost of thermoregulation.

Comfort activity in canal habitat during

1979 was greater than riverine habitats in 1979 and canal habitats
in 1980.

However, comfort activity in riverine habitat was 91%

greater than in canal habitat during 1980.

Mallards were more alert

during 1980, probably in response to increased predator activity
associated with warmer weather conditions.
Winter (by sex and pair status).— Activity patterns of male
and female mallards differed from paired and unpaired birds (Table 5).
Females spent more time feeding and males were more alert and ag
gressive and spent more time in comfort activities.

These behaviors

suggest that females either have greater energetic and nutritional
demands or that males sacrifice nutritional and energetic uptake
for courtship activities.

Males generally have a more prlonged

weight gain period during fall and are heavier than females at the
onset of winter (Chapter III).

Table 5.

Diurnal time budget (%) of unpaired and paired male and female mallards wintering in
south central Nebraska during 1979 and 1980.
Unpaired

Paired
1980

1979

1979

1980

Activity

Male

Female

Male

Female

Male

Female

Male

Female

Sleeping

27.4

36.0

32.0

37.3

23.9

24.6

27.3

25.8

Swimming

6.8

8.0

10.4

9.5

13.4

12.4

6.9

6.0

Walking

7.8

5.9

5.5

6.5

6.7

6.9

3.3

3.7

19.4

17.1

12.9

8.8

15.5

16.4

17.4

16.9

Loafing-feeding

3.8

4.6

0.5

1.2

3.7

4.7

0.2

0.8

Surface feeding

4.8

4.4

5.4

9.7

—

—

4.3

9.5

Head-dipping feeding

6.6

6.8

11.9

10.2

8.1

9.7

23.5

25.5

Tipping

0.3

0.8

0.2

0.1

0.1

0.1

0.1

0.2

14.1

9.8

8.5

8.8

15.3

18.7

6.2

6.6

Feedlot feeding

2.7

3.8

0.4

0.8

—

—

—

Threaten

0.2

0.2

1.0

0.2

0.4

0.2

0.7

0.4

Courtship

0.7

0.8

0.4

0.4

1.6

1.3

0.5

0.4

Alert

5.3

1.8

9.6

5.4

11.6

5.3

8.3

2.9

Comfort movement

Field feeding

—
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Paired mallards spent more time swimming during 1979 and less
time swimming during 1980 than unpaired birds.

They also spent more

time feeding on aquatic areas during both winters.

Courtship ac

tivity by unpaired birds was observed more often than for pairs dur
ing both years, presumably because once birds are paired the inten
sity of their courtship activity decreased to the level of pair-bond
maintenance.
Winter (hourly).— Comfort movements, aquatic feeding, and
sleeping were the major activities at sunrise (Fig. 5).

Sleeping was

most pronounced at mid-morning (0900-1059) during both winters and
was a major activity throughout the day, except during the evening
foraging period (1700-1900).

Sleeping gradually decreased as the day

progressed during 1979, but again peaked in early afternoon (13001459) before tapering off by late afternoon during 1980.

Swimming,

mainly associated with aquatic feeding, courtship, and comfort move
ments (including bathing) accounted for 4 to 15% of the daily time
budget.

Pulliainen (1963) noted that mallards wintering in Finland

spent considerable time bathing.

Field feeding and associated walk

ing increased slowly from mid-morning to a peak in late afternoon.
Alertness also increased during the afternoon at a time when mal
lards were field feeding and avian predator activity was highest in
agricultural habitats (Dennis Jorde and Gary Lingle, unpublished data).
Courtship and aggressive behavior occurred throughout the day but
accounted for only a small fraction of daily time budgets.

Mallard

activity increased during the nocturnal period; swimming, aquatic
feeding, and comfort activity were 19, 29, and 64% greater,
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Figure 5.

Diurnal time budgets of mallards in south central Nebraska
during winter 1979 and 1980.

Diurnal activities (0700-

1900 hrs) are in 2-hour intervals.

Nocturnal activities

(1900-0700 hrs) are combined into one 12-hour period.

SLEEPING

SW IM M IN G

WALKING

COMFORT

090010 59

■

11001259

f

!

po

a

o o
- i i

cj) a>
o o
i i

ALERT

h

3

3

f

h

8060-

9

3

A 0 )0
o o o
i l l

40-

0700 0859

f

N
o
t

F IE L D
F E E D IN G
20-

ro A m 05
M -t» 01 CD
i v -A
cp
iv A a> cd
o o o o
o o o o
O O 6 o
o o o o
__ i___1__ 1___ l___ __ 1___ !___ 1___L _ ___1— 1___1___1___ ___i___i___i
i

AQUATIC
FEED IN G

COURTSHIP
M

A CD CD

o o o o

■
<o
"J
CO

□
1

1

CO
CD

o

U)
VO
13001459

-Bb,

!

\

1 5001659

■5

17001900

J

19000700

'I D

,

B

J

3

i

!

■

9

3

f

□

3

f

□

Z3

3

40
respectively, and sleeping was 17% less than during the diurnal peri
od.

Aggression and courtship, although only a small part of total

daily time budgets, increased by 100 and 275% at night.
Spring Staging (general) .— Comfort movements (31%) and sleeping
(12.6%) accounted for almost half of daytime activity budgets (Fig.
6).

Apparently, mallards reduce behavioral energy expenditures

while staging so that a larger percentage of productive energy can
be channelea into fat deposition for migration and reproduction.
Aquatic feeding accounted for 24% of the observations, which is in
dicative of efforts to supplement nutritionally deficient corn
diets.

Foraging in agricultural habitats accounted for only 4.5%

of diurnal activity; however, mallards, especially pairs, were ob
served foraging in cornfields at all times of the day.

Although

mallards were more alert during the staging period (11.4%) than in
winter (5.9%), this increase probably resulted from increased human
activity rather than from the presence of natural predators, which
were seldom observed.
Courtship activity was approximately 50% lower during staging
than during winter, indicating that most mallards had paired prior
to spring staging and migration.

Differences in activity patterns

by sex and pair status also support these observations.

Unpaired

females spent more time sleeping (103%) and aquatic feeding (142%)
than paired females, whereas unpaired males spent more time in
comfort activities and swimming.

As expected, paired males were more

aggressive than their mates, suggesting strong pair-bonds and pair
bond maintenance.
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6.

Diurnal time budget of mallards spring staging in south
central Nebraska.

Number of observations are above each

bar (1979 and 1980 data are combined).
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Spring Staging (hourly).— Sleeping (41%) and swimming (32%)
were dominant activities during early morning (0700-0859)

(Fig. 7).

Jiy mid-morning (0900-1059), aquatic feeding behavior (79%) was the
most commonly observed activity.

A second peak in aquatic feeding

occurred in early afternoon, indicating that mallards may supplement
their corn diets with aquatic foods during spring.

Beginning in

late morning and continuing throughout the afternoon, comfort move
ments were an increasingly important activity.

This activity peaked

in late afternoon, presumably to lower energy expenditures and to
enhance digestion and fat deposition.

Alertness increased through

out the day and peaked during late afternoon when field feeding ac
tivity was highest.

Aggression and courtship behavior, although

only a small part of daily time budgets, were most pronounced during
early morning and from mid to late afternoon when unpaired birds
were most concentrated in aquatic habitats.
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Figure 7 .

Temporal diurnal activity patterns of spring-staging
mallards in south central Nebraska during 1979 and 1980.
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CHAPTER IT

FEEDING ECOLOGY AND FORAGING STRATEGY OF WINTERING
AND STAGING MALLARDS IN NEBRASKA

Methods
Inf 01rmation on mallard feeding ecology was collected on winter
ing areas between Lexington and Gibbon in Phelps, Dawson, Kearney,
and Buffalo counties from early December to mid-March 1978-79 and
1979-80, and on staging areas at Harvard and McMurtrey WPAs in Clay
County and Prairie Dog WPA in Kearney County from mid-March to
early April 1979 and 1980.

Food habits data were obtained from 103

mallards collected between 0600 and 2000 in the three principal
habitats utilized which are:

river channels, irrigation drainage

canals, and rainwater basins.

Birds collected after 1700 were taken

when returning from foraging in fields.

When possible, birds

utilizing aquatic habitats were observed feeding for a minimum of
10 minutes before collection.

Food in the esophagus was trans

ferred to labeled plastic bags and frozen at 0cC until analysis.
The gizzard was removed, dissected

(contents removed), weighed to the

nearest 0.1 g and returned to the carcass.

Food in the gizzard was

not included in the analysis in order to minimize sampling bias
(Swanson

&

Bartonek 1970).

Esophageal contents were sorted, iden-

tified, and enumerated, after which volume was determined by water
displacement, and wet and dry weights were taken.
in a forced air drying oven at 55°C for 24 hours.
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Samples were dried

A composite sample representing the winter diet of mallards was
sent to Raltech Scientific Services, Madison, Wisconsin for proximate
analysis.

The sample was based on aggregate dry weight and con

sisted of 95.52% corn, 2.45% sorghum, 2.03% other plant matter and
0.04% animal matter.

Prior to proximate analysis, selected foods had

been identified and measured at the Northern Prairie Wildlife Re
search Center.
Each day from 16 January to 22 February 1980, the feeding
flights of two randomly selected radio-marked mallards were monitored.
Pre-flight and post flight roost site and feeding site locations
were recorded along with corresponding time of day, habitat type,
time in flight (TIF), time in field (TIH), additional time in flight
(ATIF), ground condition, and certain weather parameters.

TIF was

defined as the time spent in flight between habitats, ATIF as the
cumulative time spent in flight within the boundaries of the specific
foraging site being used, and TIH as the total time spent within the
boundaries of a specific foraging site including ATIF.
Open water areas utilized by wintering mallards were sampled
for invertebrates with an aquatic sweep net through the top 30 cm of
water column over a surface distance of 1 m, and a 1000 ml graduated
cylinder bottom sampler to an average depth of 14 cm below the bottom
sediment surface.

In addition, the availability of waste corn was

measured in relation to depth of snow cover by counting the number of
exposed corn kernels in 1-m

2

plots.

Snow depth between and above rows

were measured to the nearest cm and presence of cattle was noted.
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Weather data, time budget information, and age, sex, and pair
status of collected and observed mallards were determined by methods
described in Chapter I.

Results and Discussion

Habitat Characteristics at Foraging Sites
Mallards utilized three foraging habitats during winter along
the Platte River, i.e., river channels, irrigation drainage canals,
and agricultural areas.

Ice conditions, water depth and discharge

rates, and snow accumulations influenced availability of food re
sources in these habitats.

Although mallards spent 85% of a 24-hour

day in riverine and canal habitats, less than 3% (aggregate dry
weight) of the diet was obtained there.
Riverine.— The Platte River between Gibbon and Lexington ranged
from 8 to 29% open water (x = 19.7, SE = 6.2) for December through
February 1979 and from 51 to 100% (x - 8.13, SE = 15.3) during the
same period in 1980.

During the warmer winter of 1980, groups of

foraging mallards were dispersed throughout riverine habitats that
had been ice covered during 1979.

However, most mallards continued

to forage at the same sites that were heavily utilized during the
previous winter.

Water level and flow in the River were relatively

stable during winter 1979, permitting uninterrupted access to flood
pool and beaver pond foraging sites.

Prolonged high water levels

and associated currents during winter .1980 eliminated many shallow
ponds, thereby forcing mallards to forage in flooded peripheral
areas.

Although the fast flowing river prevented an ice cover from
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developing for prolonged periods during the .1980 winter, accumulation
and movement of extensive slush ice hindered mallard foraging activity.
Invertebrate distribution and density was sporadic and low dur
ing winter.

No invertebrates were found at 20 sample sites along 2 km

of open river, and only 6.7% of 30 bottom samples collected on a pool
in the river channel created by beavers contained invertebrates
(Chironomidae larvae).

This impoundment and other beaver ponds were

washed out several days later by increased discharge from upstream
reservoirs, thereby reducing the availability of invertebrate foods.
The occurrence of aquatic plants was also restricted in and along
river channels due to unstable substrates and extreme fluctuations in
v;ater levels.

Reed (1971) similarly found low invertebrate densities

during winter on the Detroit River in Michigan in areas where mal
lards were overwintering.
Canal.— Ice conditions on 24.8 km of irrigation drainage canals
immediately south of the Platte River between Elm Creek and Lexington
were similar to riverine habitats.

Five canals which received light

to heavy mallard use had 0 to 62.5% (x = 29.8, SE = 11.5) and 100%
open water during the winters of 1979 and 1980, respectively.

The

highest mallard concentrations and foraging activities were observed
in areas with tree-protected north banks and/or high north banks
(Chapter I).

Food resources in the canals were limited throughout

winter due to the water regime, bottom substrate, and ice cover.
Although irrigation return flows had ceased during fall, groundwater
discharges maintained sufficient flows to reduce and restrict aquatic
plant growth to the periphery of quiet pools and to groundwater
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discharge s.Lt:es.

New plant growth along canal banks was abundant and

the seeds of these plants accounted for part of the non-agricultural
plant matter in mallard diets.

Invertebrate densities in canals were

also low due to unfavorable substrate conditions.

Of 21 samples col

lected along 0.4 km of canal, only 4.7% contained chironomid larvae.
These were found in a 12 m area below a culvert where the substrate
was soft and contained some detritus.
firmly packed fine sand and gravel.

Host canal substrate was
Limited plant growth and some

gastropods occurred throughout winter at groundwater discharge sites.
Cropland.— Although mallards only spent 15% of each day foraging
in agricultural habitats, over 97% of their diet was consumed there.
Grazed corn stubble was preferred (76%) over other agricultural habi
tat types throughout winter.

Mallards relied primarily on this for

aging habitat, especially during periods of prolonged snow accumula
tion when most ungrazed agricultural habitat was inaccessible.

Dur

ing these periods, the activity of cattle grazing on harvested corn
fields broke up snow and ice along cornfield rows, thereby exposing
corn ears and loose kernels.

On two occasions immediately following

snowstorms, large flocks of mallards returned to roost sites without
securing food because cattle had not returned to the fields and un
covered corn.

With snow cover, mallards fed in cultivated corn

stubble when grazed fields were not available.

The lack of standing

corn stubble due to tillage increased wind velocity which reduced
snow accumulation resulting in exposure of more waste corn.
Snow depths in two fields of grazed corn stubble following a
snowstorm in February 1980 averaged 13.8 cm between the corn rows and
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5.3 cm on top of the corn rows.

No corn kernels or ears were visible.

In the same grazed fields two days after the snowstorm, snow depths
averaged 9.0 cm in the corn rows and 2.1 cm on top of the rows.

By

the latter date, cattle had trampled the snow in many areas exposing
ears and kernels.

2
Eight plots (1-m ) sampled two days after the

snowstorm yielded 6 to 58 kernels/m
the corn rows and 0 to 50 kernels/m
the rows.

2
2

—

(x

30.9, SE = 7.7) between

—
(x = 20.6, SE = 7.3) on top of

Thirty-eight percent of the plots had no corn kernels

visible on top of the rows.

Food Habits
Winter Period.— Plane matter accounted for 98.6% of the diet of
68 wintering mallards collected in south central Nebraska from 11
December to 13 March (Fig. 8).

Waste corn (Zea mays) and sorghum

(Sorghum vulgare) accounted for 54.3% of the total diet with corn
being dominant throughout winter.

Duckweed (Lemna m inor) , smartweed

(Polygonum spp.), and barnyard grass (Echinochloa muricata) , accounted
for 26.0% of the total diet.

Each of the remaining plant foods were

found in only one or a few birds, suggesting that these food items
are ingested incidentally.

Animal matter comprised 3.2% of the

total diet of wintering mallards.

Mollusca which accounted for 90.1%

of the animal matter in the diet, consisted of 42.9% snails
(Gastropoda) and 57.1% clams (Pelecypoda).

Insect matter, con

sisting of exoskeleton fragments and larvae, was usually mixed with
plant seeds, which suggests incidental ingestion.
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Figure 8.

Diet of wintering and spring staging mallards in south
central Nebraska during .1979 and 1980.
as aggregate percent dry weight.

Data are expressed
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Diet composition did not vary significantly by age or sex
(P < 0.05) (Table 6).

Females consumed 16.8% more corn than males

which consumed larger amounts of other plant foods, in particular,
barnyard grass, duckweed, and smartweed.
The occurrence of molluscs in the diet was slightly higher for
males but females tended to consume larger quantities.
more time feeding on aquatic foods.

Females spent

Adult and yearling mallard diets

were similar and consisted of 95 to 97% plant matter.

Corn com

prised over 50% of the total diet for each age class.

Adults con

sumed a greater variety of food items (29) than yearlings (20), but
yearlings consumed slightly more animal matter, mostly molluscs (75%).
Paired mallards selected diets dominated by plant matter which for
males exceeded 99% of the total diet (Fig. 9).
principal food item selected by both sexes.

Waste corn was the

Females, however, con

sumed more animal matter, especially gastropods.
The high proportion of waste agricultural grains in the diet
of mallards wintering in Nebraska was consistent with observations
on other northern wintering areas (Girard 1941, Winner 1959, Pulliainen 1963, Reed 1971, Sugden et al. 1974).

However, native plant

and animal foods form a higher proportion of the mallard diet on
traditional southern wintering grounds (Dillon 1959, Chamberlain
1959, Wright 1959, and others).
The diet of mallards wintering along the Platte River is ap
parently adequate nutritionally.

The absence of other dabbling

ducks from the northern wintering range may reflect energy/nutritional limitations.

Waterfowl food habits studies on wintering

Table 6.

Esophageal contents or mallards collected in south central Nebraska during v/inter, 1979
and 1980.
Percent occurrence
Age

Sex
Food item

Male

Plant

(43)a

Aggregate percent dry w t .

Female

Adult

(25)

(46)

Sex
Yearling
(21)

Age

Male

Female

Adult

Yearling

(43)

(25)

(46)

(21)

Tr

Tr

Seeds
Trb

Ambrosia spp.

2.3

4.0

4.3

Bidens spp.

2.3

12.0

4.3

9.5

Chenopodium ambrosioides

2.3

8.0

2.2

9.5

3.4.0

24.0

13.0

23.8

F.chinochloa muricata

1.4
Tr
4.8

2.3

Elymus sp.

2.3

Helianthus sp.

2.3

Hordeum pusillum

2.3

Iva ciliata

2.3

Kochia scoparia

2.3

8.0

4.3

4.8

1.3

Leersia oryzoides

9.3

12.0

8.7

14.3

3.0

Tr

4.3

2.0

4.3

Tr

2.2

Tr

0.8
Tr
4.5

2.9
Tr
2.4

0.6
Tr

Tr
2.2

2.3

2.2
4.0

Tr

0.6

2.2

Eleocharis sp.

4.0

1.6

0.8

0.5
Tr

Tr
1.8

1.2
2.5

Tr
2.7

Table 6.

Continued.

Muhlenbergia sp.

8.0

2.2

Panicum sp.

4.0

2.2

34.9

32.0

30.4

38.1

10.5

Rumex spp.

9.3

4.0

6.5

9.5

1.2

Scirpus heterochaetus

2.3

8.0

2.2

9.5

Setaria viridis

9.3

8.0

8.7

9.5

Sorghum vulgare

2.3

8.0

2.2

48.8

64.0

52.2

Polygonum spp.

Zea mays

4.0

3.8
Tr

Tr

8.2
Tr

1.6

1.0

Tr
9.3

10.9

0.4

1.6

0.5

0.3

1.4

1.2

0.7

2.7

9.5

1.7

4.1

2.2

3.5

57.1

45.5

62.3

51.2

50.4

Tr

Vegetation
Algae

Tr

8.7

9.3

Tr

Lemna minor

32.6

28.0

30.4

33.3

16.0

6.6

15.3

7.2

Unidentified

20.9

4.0

15.2

14.3

7.4

3.4

4.1

10.0

100.0

100.0

100.0

100.0

97.1

96.3

97.4

95.3

(12)

(6)

(12)

(6 )

( 12)

( 6)

(12 )

(6)

Gastrapoda

11.6

8.0

6.5

10.0

1.3

1.1

1.2

1.4

Pelecypoda

7.0

4.0

6.5

4.8

1.5

2.0

1.2

2.8

Total plant material
Animal
Moilusca

Ln

O

Table 6.

Continued.

Insecta
Diptera

11.6

Isopoda

2.3

Lepidoptera

4.7

8.0

6.5

4.8

Tr

Odonata

2.3

4.0

2.2

4.8

Tr

Orthoptera

2.3

4.8

Tr

Unknown
Total animal material

27.9

4.0

10.9

4.8

2.2

4.0

2.1

24.0

26.1

0.2

0.2

Tr

3.0

Tr

Tr
Tr
0.3

Tr
Tr

Tr
0.4
Tr

Tr
28.6

0.3

3.6

Tr
2.7

4.6

Number of birds containing food material
Tr = less than 0.1.

I
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Figure 9.

Principal foods of paired mallards collected in south
central Nebraska during the 1979-80 wintering and spring
staging periods.
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grounds in the south (Dillon 1959, McMahan 1970, Paulus 1980, and
others) indicate a greater dependence on natural plant and animal
foods than observed in Nebraska.

This relationship suggests that the

dietary regime of other dabbling ducks may be less flexible than that
of mallards and, hence, their ability to adapt to northerly habitats
is more restricted.

Physiological inability to acclimate to northern

environments and particularly to cope with the higher energy costs
associated with thermoregulation and inability to compete effec
tively with mallards for limited water and food resources (Bailey &
Batt 1974), may be responsible, in part, for the limited use of
northern wintering sites by other species of dabbling ducks.
Spring Staging Period.— The diet of 27 mallards collected during
the spring staging period in south central Nebraska from 13 March to
7 April consisted of 99.6% plant matter (Fig. 9).

Waste corn was the

principal food consumed (56.4%) and with sorghum (8.0%), accounted
for nearly two-thirds of the total diet.

Smartweed and barnyard grass

accounted for less than 1% of the diet.
Although plant matter dominated the diets of staging males
and females, differences in diet composition were evident (Table 7).
The proportion of corn in the diet of females was nearly twice that
of males, but fewer types of plant food items were consumed by fe
males (9) than males (15).

Females consumed more agricultural waste

grain and males less during the spring staging period than during
winter.

Animal matter was consumed by both sexes, but accounted

for only an insignificant proportion of the diet.
adults and yearlings were dominated by plant foods.

Diets of both
Yearlings

Table 7.

Esophageal contents of mallards collected in south central Nebraska during spring staging
1979 and 1980.
Percent occurrence
Age

Sex
Food item

Male

Plant

(I4)a

Aggregate percent dry w t .

Female

Adult

(13)

(18)

Sex
Yearling
(9)

Age

Male

Female

Adult

(14)

(13)

(18)

Yearling
(9)

Seed
Ambrosia spp.
Bidens spp.
Chenopodium ambrosioides
Cyperus esculenthus
Echinochloa muricata

22.2

14.3

14.3

7.7

5.6

15.4

16.7

7.1
50.0

23.1

27.8

11.1

3.1

11.1

4.2

55.6

9.7

Elymus sp.

7.1

11.1

Iva ciliata

7.1

11.1

Leersia oryzoides

7.1

0.2

0.1
6.8

4.9

1.3

1.0

6.6
^ b
Tr

0.5

1.0

0.7

Panicum sp.

21.4

7.7

11.1

22.2

Tr

Polygonum spp.

64.3

30.7

50.0

44.4

16.5

Rumex spp.

21.4

11.1

11.1

Tr

14.2
Tr

Tr

0.3

0.3

5.6

4.7

Tr
7.3

Tr
16.2
Tr

Tr
3.7
Tr

Table 7.

Continued.

Scirpus heterochaetus

14.3

7.7

5.6

22.2

7.2

Seteria sp.

21.4

7.7

16.7

11.1

10.4

0.8

5.6

6.2

Sorghum vulgare

14.3

23.1

11.1

33.3

7.9

8.1

6.1

11.7

Zea mays

42.9

76.9

66.7

44.4

38.7

75.5

65.3

33.6

5.6

33.3

0.4

Tr

Tr

11.1

Vegetation
Unidentified
Total plant material
Animal

28.6

Tr

0.6

100.0

100.0

100.0

100. C

99.7

99.8

99.9

98.6

(2)

(2)

(2)

(2)

(2)

(2)

(2)

(2)

21.4

7.7

5.6

33.3

0.6

Tr

Tr

7.7

5.6

Tr

Tr

15.4

11.1

Tr

Tr

Mollusca
Gastrapoda

1.1

Tnsecta
Coleoptera
Total animal material

14.3

^Number of birds containing food material.
Tr = less than 0.1.

22.2

Tr

1.1
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averaged 41% less corn than adults but selected larger amounts of
other plant food, particularly barnyard grass, bulrush (Scirpus
heterochaetus), and sorghum.

The occurrence of animal material was

much higher for yearlings (33%) than for adults (6%), but total in
take was low for both groups.
Paired females averaged 55% more waste agricultural grains
than paired males and depended less on other food resources (Fig. 9).
For paired males, corn comprised 43% of the total diet.

This differ

ence may indicate the need for a variety of natural foods during win
ter or possibly reflects males spending more time alert while their
mates were feeding in cornfields.

The esophagus of migrant paired

males and females contained trace amounts of animal material, sug
gesting that food consumption and foraging strategies during spring
staging are primarily geared to fat deposition.
Composition of mallard diets during spring staging was similar
to those reported for mallards during fall migration stopovers
(Girard 1941, Stoudt 1944, Bossenmaier & Marshall 1958).

Agricul

tural grains and natural foods accounted for nearly the entire diet.
Consumption of animal material was low throughout the spring staging
period.

Similarity between fall and spring staging diets suggests

similar nutritional and energy requirements.

Length of stay on

staging areas presumably is influenced by level of fat reserves
needed for the next stage of migration (Fredrickson & Drobney 1979, p123), fat deficit remaining to be acquired, and quality and abun
dance of foods available.

Thus, a bird arriving with a small

deficit could eliminate it quickly, deposit migratory fat reserves,
and leave the staging area in a few days as observed by Winner (1960).
It is advantageous for pairs to arrive on the breeding grounds early
in good physical condition because of enhanced reproductive fitness
(Krapu 1981).
Nutrient Requirements
Protein level was 54 and 41% lower than recommended for wild
ducks held in captivity and a composite diet of mallards wintering in
Louisiana, respectively, but was similar to corn (Table 8).

The lat

ter was expected since corn comprised 96% (aggregate dry weight) of
the Nebraska diet.

Differences in dietary protein between Louisiana

and Nebraska mallards may be due to northern wintering mallards re
quiring greater intake of foods with high energy content in order to
survive or simply because of geographic differences of food availabil
ity.

Although fat level was 38% lower than in the recommended diet,

it was 28% above that recorded in the Louisiana diet.

Higher fat in

take at northern latitudes is expected because of increased energy ex
penditures for thermoregulation.
recommended levels.

Fiber was lower than but approaching

Higher fiber intake by mallards in Louisiana re

flects the type of foods available rather than an indication of diet
ary requirements.

Calcium in the Nebraska mallard diet was not ana

lyzed but intake probably approaches levels reported for mallards in
Louisiana.
Comparison of corn to the recommended diet indicates that corn
provides only 46.3 to 68.4, 76.7, 52.6, and 1.1% of the protein, fat,
fiber, and calcium needs of mallards, respectively.

This data

indicates that corn intake by mallards, like staging sandhill cranes
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Table 8.

Assay

Nutrient composition of the diets of wild mallards during
winter in Louisiana and Nebraska are compared to a
recommended maintenance diet and corn.

Recommended
diet3

Mallard
(Louisiana)

Mallard
(this study)

Feed corn

19.0

14.8

8.8

b
c
8.8- 1 3 . 0

Fat

6.0

2.9

3.7

4.6°

Fiber

3.8

14.7

2.2

2.0b

Calcium

2.7

1.2

Protein

j^Junca et al. 1962.
National Research Council (1971)
CSibbald (1979).

0.03b
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(Reinecke & Krapu, unpublished data), must be supplemented by natural
foods, especially for calcium and probably for certain amino acids.
Therefore, wintering mallards while dependent on an agricultural
food base, must supplement their diet with natural foods.

Climatic

factors become a major influence on their capacity to acquire natural
foods, particularly invertebrates becuase these foods are obtained
principally from aquatic habitats subject to frequent ice cover dur
ing winter.

During cold weather, canal habitats are preferred be

cause of more favorable microclimatic conditions, but high densities
of mallards soon deplete scarce natural foods.

Hence, foraging suc

cess is low, leading to reduced aquatic feeding activity.

Conversely,

during warm periods, mallards prefer riverine habitats because of a
more abundant aquatic food base, less competition, and a higher forag
ing success rate.
The scarcity of natural foods that are needed to supplement the
corn diet in canals raises a question concerning length of time that
an individual mallard can remain in canal habitats during prolonged
periods of cold before a return to riverine habitats is required.
Although this study did not provide a direct answer to this question,
radio-tracking studies indicated that a majority of mallards, especi
ally yearlings and females, returned to riverine habitats as soon
as possible, and that mallards remaining in canal habitats undertook
occasional flights to riverine habitats (Chapter I ) .

The length of

stay in a nutritionally unfavorable, but energetically favorable
habitat, is probably determined by an individual's capacity to store
nutritional reserves that can be mobilized when the need arises.
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Higher use of riverine habitats by yearlings and females than by
adults and males may reflect higher daily nutritional requirements
and/or lower nutrient storage capabilities.

Possible explanations

are that young of the previous year are still growing and require ad
ditional protein and calcium and that females require additional in
take of animal matter in pienaration for the initiation of pre
nesting molt.

Foraging Behavior and Time Budget

Foraging Flights.— Mallards usually made only one field feeding
flight per day during mid- to late afternoon.

Mallards wintering in

Michigan responded similarly (P.eed 1971) , but mallards in Ohio made
both morning and evening flights (Winner 1960).

During 1979, as the

severe winter progressed, the length of foraging flights increased.
Grazed cornfields within 3.2 km of riverine and canaJ. roosts (18%
north and 36.0% south, Fig. 10) were depleted of exposed corn by
early winter.

By mid-winter, foraging flights ranged from 10 to 20

km south where 69.4 to 88.9% more grazed cornfields were available
(Fig. 10).

Snow accumulations persisted for shorter periods during

winter 1980, making cornfield habitats within 3.2 km of roost sites
available most of the season.

In contrast to 1979, mallard foraging

flights to grazed cornfields averaged 3.8 km during 1980 (Table 9).
Although other cornfield habitat types were snow free more often
during 1980, mallards continued to rely on grazed cornfields (75.9%)
and feedlots (16.1%).

Mallards flew longer distances to cornfields

and feedlots (Table 9), probably due to greater abundance of corn in
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e 10.

Status of cropland planted to corn during the previous
growing season at varying distances from mallard roost
sites on the Platte River near Overton, Nebraska in
1980.

0 = Location of the Platte River.

100

CORN STUBBLE IDLE
CORN STUBBLE CULTIVATED OR PLOWED
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Table 9.

Habitat use and foraging flight distances of randomly
selected radio-marked mallards during winter 1980.

Distance from roost to
field (km)_____________
Habitat type

N

Mean ± SE

Corn stubble idle

4

3.0 ± 1.2

Corn stubble cultivated

2

3.1 ± 1.4

Corn stubble plowed

1

1.8 ± 0.0

Corn stubble grazed

66

3.8 ± 0.4

Cattle feedlot

14

3.6 ± 0.9
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these habitats; increased foraging efficiency and energy intake prob
ably compensated for the additional energy expenditure.

Reed (1971)

and Bossenmaier and Marshall (1958) reported the maximum distance of
field foraging flights to be 17.6 and 19.2 km from roost sites,
respectively.
Foraging flight distance from roost to field (R-F) was directly
related to air temperature and inversely related to relative humidity
and snow cover (Table 10).

Field to roost (F-R) distances were gen

erally longer than R-F distances during cold periods and, in addition
to longer time in flight (TIF), suggests that snow cover caused mal
lards to spend more time searching at greater distances from the
roost.

The start and end of foraging flights, and time in field

(TIH) were inversely related to time of sunset.
ranged from 8 to 347 minutes before sunset.

Flight initiation

In comparison, Winner

(1959) reported initiation times of 9 to 205 minutes before sunset.
Birds arrived back at the roost from -50 to 87 minutes before sunset
while Reed (1971) reported flights returned to roost sites 198 minutes
before to 18 minutes after sunset.

During this study an exception

occurred between 28 January - 3 February, 1980, when start and end
flight times were one hour earlier than the previous week, suggesting
that mallards were field feeding at the warmest part of the day dur
ing this cold spell, presumably to reduce the affects of exposure
and associated energy expenditure for thermoregulation.
Mallards spent more time in fields (TIH) searching for food
during periods of heavy snow cover.

However, an exception occurred

during 18-24 February when an average of 3.6 hours/day were spent in

Table 10.

Feeding flight characteristics of radio-marked mallards in relation to weather vari
ables at weekly intervals during winter 1980.
Distance
(km)

Temperature
TIF (min)
R-F

0°C
TIHC

Start

End

F-R

(min)

flight

flight

Sunset

Max

R.H.d

Snow
cover

(%)

(cm)

Date3

R-Fb

F-Rb

1/14-1/20

5.48

3.02

7.3 4.3

38.7

1724

1817

1732

7.2

-4.0
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1

1/21-1/27

5.99

4.38

17.0 7.9

45.0

1708

1830

1740

1.3

-11.3

78

4

1/28-2/3

3.25

4.21

7.6 5.6

89.0

1605

1728

1749

-7.6

-19.4

81

8

2/4-2/10

4.06

4.89

12.7 4.1

98.9

1632

1750

1758

-1.3

-13.0

83

14

2/11-2/17

2.26

2.20

3.9 6.3

85.0

1508

1705

1806

-4.6

-15.1

77

16

2/18-2/24

4.35

3.62

3.7 5.3

217.0

1428

1648

1815

6.1

- 4.0

79

5

^Month/day.
R-F = roost to field, F-R = field to roost.
^TIF = time in flight, TIH = time in habitat (field).
Relative humidity.

Min
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fields despite limited snow cover.

This large increase resuJted be

cause an adult male spent 6.A hours in agricultural habitat on the
date he was randomly selected for radio-tracking.

Although this in

terval was an exception, it occurred during a period when the winter
ing mallard population as a whole was spending more time in fields.
Average weekly Till recorded during this study, 38.7 to 217.0 minutes,
was significantly different than times reported by Winner (1959), 5
to 30 minutes.

As winter progressed, mallards flew to fields

earlier and spent more time foraging.

These trends may be caused by

the need to replenish fat reserves mobilized during cold periods,
the initiation of migratory fat deposition triggered in response to
photoperiod and/or temperature, or waning influence of fall hunting
hours on feeding flight patterns.

Beilrose (1944) reported that

feeding flights were timed to the daily close of shooting hours.
Based on general observations, personal communication with personnel
at Lake Andes National Wildlife Refuge, and lost signals of radiomarked birds, most mallards wintering in south central Nebraska mi
grated northward in early to mid-March.

Therefore, migrational fat

tening associated with longer field foraging bouts in mid- to late
February were expected.

However, several radio-marked mallards did

not migrate but flew south to rainwater basin staging areas when
open water became available.

These movements suggest that some

resident wintering birds may not reach migrational condition by late
winter and need to spend additional time depositing fat reserves on
spring staging areas.

A migrational delay could forfeit reproductive
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advantages associated with wintering at northern latitudes and reach
ing breeding grounds ahead of southern migrants.
Foraging Behavior.— Field feeding activity was more intense
(78%) and aggressive encounters occurred more often (1%) during 1979
than in 1980 (52% and trace, respectively)

(Fig. 11).

Reduced food

availability due to greater snow accumulations intensified competi
tion.

Food items, mainly corn, were rapidly consumed.

When corn

ears or kernels were located by a mallard, its feeding activity
quickly attracted other birds.

Occasionally a dozen or more mallards

would gather in what can accurately be described as a feeding frenzy.
General observations of aggressive behavior displayed by individuals
and pairs trying to protect located food indicated paired birds
had much higher success defending food than individual birds, and
single males almost always displaced single females.

Walking and

comfort movements, mainly preening, were more prevalent during 1980
(17% and 12%) than 1979 (8% and 2%).

With corn more readily avail

able in 1980, feeding bouts were less intense and activities appeared
unhurried.

Walking was less directly associated with food searching

during 1980 and more attention was given to preening and sleeping.
Mallards spent similar amounts of time alert in agricultural foraging
sites during both years.

At times, the flight activity of avian

predators (hawks and eagles) became intense, causing mallards to take
flight every few minutes.

The general response to avian predators

vras to take flight, circle the feeding area a number of times, and
return to feeding at the original location.

Mallards appeared to
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Figure 11.

Activity patterns of mallards in cornfields during severe
(1979) and mild (1980) winters in south central
Nebraska.
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be unwary of bald eagles (Haliaeetus leucocephalus) perched on the
ground and sometimes fed within short distances of them (Jorde &
Lingle, unpublished data).

Shea (1973, pp. 56-57) observed mallards

foraging within several meters of bald eagles in riverine habitats.
Aquatic foraging activities also were different between years
and reflect the influence of weather, water conditions, and nutri
tional requirements (Chapter I).

Mallards spent 55% of their time

foraging in riverine habitats during 1979, when most of the river was
ice covered and water conditions were more stable.

This compares to

38% during 1980, when the river was mostly ice free but water condi
tions were turbulent and at flood stage.

In canal habitats, aquatic

foraging activity accounted for 6 and 14% of time budgets during
1979 and 1980, respectively.

Because feeding activity was most pro

nounced in shallow areas, tipping behavior was seldom observed.

In

stead, head-dipping (head and neck submerged with body at horizontal)
was the most common aquatic foraging posture.
observed among feeding birds.

Little aggression was

CHAPTER III

PHYSIOLOGICAL CHANGE AND ENERGETIC PARTITIONING OF
WINTERING AND SPRING STAGING MALLARDS

Methods
Wintering mallards were collected in south central Nebraska
along the Platte River between Lexington and Gibbon, and on spring
staging areas at Harvard, McMurtrey, and Prairie Dog Waterfowl Pro
duction Areas in the Rainwater Basin Areas from 11 December - 7
April 1978-79 and from 19 December - 26 March 1979-80.

After collec

tion the birds were placed in labeled plastic bags for transportation
to the field laboratory, where body weight (0.1 g ) , body length and
wing chord (cm), and culmen, tarsus, and external keel (mm) were
measured.
Prior to dissection, feathers were plucked and the defeathered
body weight was recorded.

During dissection, weights of the gizzard,

heart, liver, and gonads were recorded (0.1 g ) .

All organs were re

turned to the carcass and the incision closed to prevent moisture
loss.

The specimen was reweighed following measurements and dissec

tion.

The dissected carcass was double-bagged and frozen at 0°C

until further analysis.

At Northern Prairie Wildlife Research Center,

carcasses were partially thawed, ground whole to homogenous con
sistency in a commercial meat grinder, and refrozen.
78

Tissue loss
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during the grinding process, mostly thawed blood, averaged 30 g or
approximately 2.7% of dcfeathered carcass weight.
Prior to lipid extraction, ground carcasses were thawed for
approximately 2 hours, after which 20 g of sample were removed and
homogenized.

Two 3-g aliquots were then removed from the 20-g sample,

dried at 55°C for 48 hours in a forced air drying oven, and lipids
extracted by the Soxhlet ether extraction process.

The aliquots were

wet and dry weighed before lipid extraction, and percent moisture was
calculated.

Following extraction, lipid and fat-free dry weight

were determined by standard methods.
From 31 January to 5 March 1980, 119 mallards were captured in
wire mesh traps.

Traps were located in canal habitats and were

opened to capture birds 1-2 days per week.

Captured birds were

banded, external measurements recorded (same as collected mallards);
and released at or near the trap sites.
Female pre-basic down development during winter and early
spring were categorized as follows:
Light molt— Feathers visible below skin surface, less than
5% of new feathers exposed above skin surface.
Medium molt— Greater than 5% but less than 50% of new feathers
exposed above skin surface.
Heavy molt— Greater than 50% of new feathers exposed above skin
surface.
Energy expenditure was based on basal metabolic rate (BMR)
calculated according to the equation given by Aschoff and Pohl

(1970)

(BMR Kcal/hr = 3.6 y ® * ^ 4 wkere w equals the mean weignt for each
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sex and pair status category).

When possible, time budget activities

were given caloric equivalents as increments of BMR as reported in
the literature.

For several activities, increments of BMR were esti

mated as follows:

courtship = 5.0 x BMR (swimming plus comfort move

ment) and aggression = 7.1 x BMR (walking plus 2X comfort movement).
Although the metabolic cost of flight varies between 12.4 - 15.3 x
BMR (Prince 1979), 12.4X was selected for this study because wild
birds probably optimize this activity and expend less energy than
caged experimental birds.

Lower critical temperature (T^) was cal

culated according to the equation by Kendeigh et al.
47.17 S

Tl c

(T^ -

where W equals the mean weight for each sex and pair

status category).
as:

(1977)

Energy expended for thermoregulation was estimated

Kcal/bird/day = 2.6 x BMR for each degree C of decrease below
(Prince 1979).

Results and Discussion

Phenology and Weather
Arrival of mallards on south central Nebraska wintering areas
occurred from early December to early January, depending on weather
conditions northward.

During 1978-79, the major influx of transient

migrants arrived during 8-11 December and departed by 24 December;
during 1979-80, they arrived 25-26 December and departed by 10 Janu
ary.

Approximately 5,000 and 20,000 mallards remained to overwinter

on the study area during 1979 and 1980, respectively.

Throughout

winter, population numbers fluctuated with changing weather patterns
and tended to decrease as winter progressed (Chapter I).

Resident
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wintering mallards departed northward at the time southern migrants
were arriving.

The first spring migrants began to arrive during the

first and second weeks of March with initial concentrations being
along the Platte River.

Almost the entire population shifted to

nearby Rainwater Basins as soon as the basins became ice-free.

Most

migrants departed northward by the first week in April at the same
time resident breeding pairs were dispersing and establishing terri
tories.
Weather conditions during the 1978-79 and 1979-80 field seasons
differed markedly; mean maximum-minimum temperatures for January
and February 1980 were 7.9/7.4°C and 2.8/3.6°C warmer than in the
same period of 1979 (t-test, p < 0.001, P > 0.05, respectively)
(Canaday Steam Plant Weather Station).

During March, maximum tempera

ture was 2.8°C colder and minimum temperature 7.5°C warmer.

More

precipitation (1.73 cm) was received during January and February
1980 than in 1979; however, part of this moisture was rainfall which
did not limit the availability of waste corn.

Physiological Change

Body Weight and Carcass Composition.— Differences in mean body
weight between years and age classes were not significant (t-test,
P > 0.05), although males in the winter of 1980 averaged 35.0-91.6 g
heavier and females 8.3-68.8 g lighter than their 1979 counterparts.
Weights of mallards collected during both study years were then
pooled by age, sex, and month (Table 11).

Mallard weights generally

were similar to those reported by Folk et a 3 . (1966), Sugden et al.

Table 11.

Changes in body weight and carcass composition of mallards at monthly intervals dur
ing 1979 and 1980.

a

Age and sex

December

January

February

March

Adult male

1235.6 ± 34.8(11)
1041.6 - 1401.7°'

1156.5 ± 26.1(16)
1025.2 - 1412.0

1187.6 ± 32.9(16)
1007.5 - 1471.1

1246.4 ± 28.0(13)
1099.6 - 1456.3

Adult female

1164.1 ± 30.2(2)
1133.9 - 1194.2

1040.0 ± 31.9(10)
932.5 - 1168.0

1028.5 ± 26.7(11)
899.3 - 1191.4

1084.5 ± 24.3(17)
874.6 - 1273.6

Yearling male

1203.9 ± 46.6(4)
1104.7 - 1304.6

1190.8 ± 48.8(8)
1044.3 - 1393.9

1111.3 ± 25.5(4)
1056.2 - 1167.7

1242.1 ± 42.9(8)
1113.3 - 1474.1

Yearling female

1090.4 ± 0.0(1)
1090.4

1053.4 ± 52.1(5)
935.8 - 1189.9

938.9 ± 55.6(4)
787.0 - 1054.8

1069.2 i 28.4(6)
980.0 - 1146.9

^Includes several mallards collected on staging areas during the first week of April 1979.
Mean ± SE (sample size).
"Range.
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(1974), and Owen and Cook (1977).

However, maximum weights of mallards

in Nebraska during March were higher (45.4-147.5 g) , possibly due to
overwintering in better physical condition, differences in spring
migration chronology, or improved quality of staging habitat.

Mini

mum monthly weights of adults were within the ranges reported by Folk
et al. (1966); however, maximum weights for Nebraska adult females
were 3.6-88.0 g higher.

Mean body weights by sex were significantly

different (t-test, P < 0.05) during both years, except for yearlings
taken in winter 1979, adults in spring 1979, and yearlings in spring
1980 (Table 12).

Average weights of adult m d yearling males were

11-16% and 9-26% higher, respectively, than their female counterparts
during winter, and 12-17% and 9-24% higher during spring staging.
Weight loss by males and females during winter followed trends
previously reported for mallards (Folk et al. 1966, Sugden et al.
1974, Owen and Cook 1977).

However, males gained weight between late

fall and early winter, whereas females lost weight from the onset
of winter.

Weight gains by males apparently resulted primarily from

fat deposition.

The weight loss by females may be attributed to

higher stress to winter conditions than exists among males, in part,
because of an inability to effectively defend food resources at
feeding sites.

The latter factor was alleviated when females paired

with dominant males (Chapter I and II).

This hypothesis, if correct,

provides a sound basis for explaining early pair formation in this
species.

Ashcroft (1976) reported that female eiders paired during

early winter had higher reproductive success than females that
paired late.

Table 12.

Variable

Mallard body weight and carcass composition during winter and spring staging, 1979 and 1980

Hale

1979 adult
a
P

Winter
Carcass
Water
Lipid
Protein"

»
29b
1178.3 t 20.2C
676.4 4 10.2
126.4 ♦ 10.9
271.4 ♦ 5.1

Spring
Carcass
Water
Lipid
Protein

1249.2
671.6
192.3
267.3

6
1 34.3
1 14.4
t 27.0
t
7.0

1979 yearling

NS
ftftft

1052.4
595.0
131.4
238.5

NS
NS
NS
NS

1U7.7
635.8
124.7
243.5

AA A

ft

Hal e

Female
15
± 26.8
± 15.1
± 11.5
7.8
t
7
±
1
±
±

49.1
21.7
19.5
14.1

1149.3
677.0
128.1
264.3

12
± 29.8
± 16.0
± 15.3
i 9.7

1279.5
694.9
191.4
280.4

4
1 73.5
± 26.1
± 56.6
± 6.5

1980 adult
Female

P

NS
ft*
NS
NS

ft
ft
NS

ftftft

^Significance: * .05, ** .01, *** .001, NS n o n -a lg n if leant.
Sample size.
jMean 1 SE.
Llpld-free dry weight.

Male

1054.9
581.4
160.2
233.8

6
1
±
1
±

1031.3
570.5
161.8
206.8

3
± 36.6
i 34.5
t 11.9
± 8.1

P

15
49.1 1213.3 i 35.2
19.0 • 649.9 ± 15.3
13.7
147.1 ± 14.7
272.4 ± 7.3
13.6

1239.1
703.2
153.6
268.5

6
1
±
1
±

53.5
15.2
49.0
10.1

1980 vear ling
Female

NS
ftftft

1044.2
584.6
147.8
225.9

12
i 22.7
♦ 11.6
± 17.2
i 7.3

ft
ftftft
NS
ft*

1056.5
661.6
129.1
229.2

6
± 32.7
1 21.3
i 8.0
±
6.2

ft*
ft**

Mai e
6
1240.9 4 6 7.5
720.9 4 24.8
192.3 4 34.6
263.0 4 12.4

1184.7
661.2
176.8
260.6

2
t 19.4
t 22.2
1 34.3
± 7.2

Feoa1e

p
ft A

ft*
NS
NS

5
986.1 ♦ 54.4
536.9 4 27.3
145.9 4 27.3
228.8 4 11.8

2
NS 1087.1 f 72.5
NS 611.1 • 16.b
NS 149.5 ♦ 6 . 6
NS 231.0 £ 15.5

85
Body water content and lipid-free dry weights were not signifi
cantly different between years and age classes (t-test, P > .0.05) but
were significant between sexes (P < 0.05)

(Table 12).

Differences

between average lipid weights of adults and yearlings were not sig
nificant for years or seasons, and it is noteworthy that female and
yearling lipid weights were nearly equal to or higher than male or
adult counterparts.
Lipid weights increased from 78 to 116.8 g between pre and
early winter, followed by 122.1-163.1 g and 49.0-77.6 g decreases
for males and females, respectively, by mid to late winter.

Lipid

weights of late staging mallards were similar to pre-winter
weights.

It is interesting to note that males utilized more lipid

reserves than females, which may be attributed to courtship activity
among males with subsequent decreases in foraging activity and
energy intake.
Changes in body weight and carcass composition of collected
mallards were plotted in relation to weather and snow conditions
that existed during day of capture (Figs. 12 and 13).

Compositional

changes, particularly lipids, generally reflected changes in, and
duration of, ambient temperature and snow cover.

However, mallard

weight losses were greater if snowfall preceded a period of cold
temperatures.

Mallards adapted to snow cover by moving to corn

fields grazed by livestock and to feedlots.

None of the mallards

examined during this study showed signs of starvation reported by
Jordan (1953).
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Figure 12.

Changes in mallard body weight and carcass composition
in relation to ambient temperature and snow depth during
1979.
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Figure 13.

Changes in mallard body weight and carcass composition
in relation to ambient temperature and snow depth during
1980.
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Body and lipid weights tended to increase when maximum daily
temperatures rose above 0°C.

These weight increases probably re

flect increased exposure and availability of waste grain as snow
cover melted and the soil surface thawed, and decreasing mainten
ance energy expenditures for thermoregulation and other winter
stress, with subsequent increases of energy available for productive
expenditures, e.g., lipid storage.

Changes in body water level

were inversely related to changes in lipid content because metabo
lic water is a by-product of fat mobilization.

However, the magni

tude of change in water content, when expressed as a percentage
of body weight, can be misleading because fat tissue has a much
lower percentage of water than other tissue (Schmidt-Nielsen 1975,
p. 411).

For waterfowl, released metabolic water is probably not

stored or retained in the body very long because additional water
from mobilized fat would disturb overall water balance and trigger
its removal by excretion or evaporation.

Changes in percent

lipid closely paralleled g lipid/100 g fat-free dry weight indi
cating that fat catabolism accounts for most of the variation in
male and female body weights throughout winter.

Small changes

in lipid-free dry weight were probably associated with changes in
organ characteristics due to physiological changes related to
diet rather than protein mobilization associated with winter
stress.
The data indicate that not all physiological changes were
in response to temperature and snow cover (Figs. 12 and 13).
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For example, commencing in late January, female lipid and body
weights increased at the same time males experienced decreases and,
in late February 1979 and March 1979 and 1980, male lipid weights
did not increase as rapidly as female lipid weights.

Early fat

deposition by females may have been in preparation for pre-nesting
molt (Folk et al. 1966) while latter increases were for reproductive
development and migration.

For males, weight losses probably re

flect energy expenditures for intense courtship activity and pair
bond maintenance.

Lipid patterns suggest that neither winter was

stressful enough to cause mallards to reduce or sacrifice signifi
cant levels or productive energy for existence energy, and that
females invested productive energy for future needs (pre-nest
molt, reproductive conditioning, and migration), whereas males in
vested productive energy into courtship activity and pair bond
maintenance.

During winter a hierarchical system of energy expen

diture satisfies existence needs (thermoregulation, etc.) first
with excess energy put into productive use (molt, courtship, etc.).
These findings suggest that mallards wintering in Nebraska during
the period of this study were not under severe or prolonged
winter stress and, in fact, wintered in excellent physical condi
tion.
Changes in physiological condition and energy partitioning
patterns of mallards during spring staging were difficult to assess
because of the mixing of both migrants with depleted lipid reserves
and others about to depart with replenished reserves.

Lacking
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marked birds, it was not possible to determine the average length of
time needed to replenish reserves, how much fat is deposited each
day, or how long mallards stay on the staging area to replenish re
serves.

However, Winner (1960) determined that the average duration

of stopover in Ohio by fall migrating mallards was 4.5 days, with
some birds remaining more than 15 days.

He suggested that, in spite

of weather conditions, mallards continued migration as soon as opti
mal physical condition was reached.
Gonadal Development and Pair Formation.— Commencing near the
end of January, gonad weights increased slowly until late March when
rapid development began (Fig. 14).

In late March testes weights

ranged up to 5.3 g, approximately 30% of weight during the breeding
season, and ovary x^eights reached 1.3 g, approximately 21% of pre
laying weight and 4% of laying weight for females breeding in North
Dakota (Krapu 1981).

The chronology and magnitude of gonadal weight

gains followed luteinizing hormone (LH), testosterone, and gonadal
weight changes reported by Donham (1979) for wild mallards held in
captivity.
Although testes weights are low during January and February
(0.1-0.5 g ) , testosterone production greatly increases during this
period to within 75% of the annual peak in May (Donham 1979).

This

rise in hormone level coincides with intensifying male courtship
activity in early January.

On the other hand, female testosterone

production dees not increase until March (Donham 1979), yet iemales engaged in courtship displays and copulation during early
January.

If pair bond permanence is influenced or controlled by a
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Figure 14.

Gonadal weights and female molt status during winter and
early spring.
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rise in testosterone level (male and female rapid gonadal develop
ment coincides with LH increase in April) then males would be ex
pected to form pair bonds in January, but females not until midMarch.

This did not appear to be the case during this study since

male and female mallards were displaying pair bond behavior in midJanuary, and mallards were collected as pairs as early as 21 Decem
ber.

Lebret (1961), and Raitasuo (1964) have reported mallard pair

formation as early as late summer with increasing courtship ac
tivity and number of pairs throughout fall and winter.

These obser

vations raise a question of whether winter pair bonds are permanent
or females are "testing" the fitness of their perspective mates, or
vice versa, as suggested by McKinney (.1975) and Paulus (1980) .
Lacking observations of marked pairs, the female "testing"
hypothesis could not be examined in detail.

However, advantages to

being paired during winter and the investment required of each part
ner were considered.

Advantages include increased access to defend

and occupy optimal roosting habitats and food resources (Ashcroft
1976), better physical condition and breeding fitness, thereby en
hancing reproductive success (Spurr & Milne 1976), and decreased
risk of predation.

Paired males spent significantly more time in

alert posture than their mates, especially while foraging exposed in
agricultural habitats (Chapters I and II).

Because of the impor

tance of a paired male during winter defending his mate from other
males, his investment would be high and require larger energy
expenditures.

The stress of pair bond maintenance and defense

could be great enough to lower fitness, especially if pairing
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occurred in mid-January.

This would entail a 4-5 month investment

during periods of potentially intense environmental stress and intra
specific competition.

In addition, A1 Afton and Rod Sayler (unpub

lished data) suggest that early paired males, whose pair bonds are lost
to males in better physical condition in spring, are not likely to
pair again and hence, have lost their reproductive investment.

Fe

males, on the other hand, would have a very small energy investment
for maintaining pair bonds.

In fact, overall energy balance would be

greatly enhanced if the female were paired to a dominant male.

A

male that could not successfully defend the mate during the winter
period would not be an optimal mate during the breeding season.
To insure that the female acquired adequate food required to
maintain her fitness, she could pair several times throughout winter,
selecting a new mate each time the current one lost his fitness and
effectiveness in maintaining her fitness.

Regardless of the number

of males selected, the female’s investment would remain small and
her fitness greatly enhanced.

Since males outnumbered females 3 to

1, females wintering in Nebraska had an ample number of dominant
males to pair with throughout winter.
Female Pre-basic Molt.— Female pre-basic molt, consisting en
tirely of "dark" down feather development (Figs. 15 and 16) com
menced as early as 20 and 22 January 1979 and 1980, respectively,
and appeared to be related to pair status (Table 13).

Twenty-five

percent of collected females thought to be unpaired were developing
new down compared to 87.5 percent of collected females thought to
be paired.

All females collected after 18 February 1979 (N = 16)
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15.

Ventral view of newly developing down (dark) distribu
tion of a female mallard collected during early March.
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Figure 16.

Carcass cross-section showing subcutaneous distribution
and density of new down development of a female
mallard collected during early March.
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Table 13.

Molt status of female mallards collected during winter
and spring staging periods.

1979

1980

Total

Collected as unpaired
Molting
Not molting

4

2

6

13

5

18

14

14

28

0

4

4

Collected as paired
Molting
Not molting
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and 6 March 1980 (N = 11) were growing new down.

Initial feather

eruption occurred on the flank and side regions and spread to the
neck, back, breast, and wings and legs.

Paulus (1930) reported si.mi-

lar pre-basic molt morphology for the gadwall.

As molt progressed,

new feather eruption occurred in these areas simultaneously.

Dis

tribution, density, and plane of new down feather development is
shown in Figure 16.

The new down feathers were distinctly darker

than old feathers (Pig. 15), consistent with previous reports
(Bowles 1917, Broley 1950).

Only females developed new down feathers

which suggests a distinct relationship to female reproductive fit
ness and/or nest success.

Energy Budget
During winter, total behavioral energy expended by unpaired
and paired males was 39.4 and 37.0% higher than by their female
counterparts (Table 14).

Larger energy expenditures by males was

due to greater body weight and subsequent estimates of BMR, larger
estimated increments of BMR for several activities, and differences
in activity patterns.
Total behavioral energy expenditures by paired mallards was
only slightly higher (1.4 and 3.2%, respectively) than by their un
paired counterparts, even though differences in behavior were sig/

nificant (Chapter I).

For example, unpaired males and females were

less active, spending 34.5 and 51.8% more time sleeping than their
paired counterparts.

Differences in behavior but similarities in

total energy expenditures suggested that mallards attempted to

Table 14.

Energy budget of mallards during winter 1980,
Male*

Activity

BMR:

b
1.4°
3.2“
35d
12.4^
1-8°
1.8°
7.1
5 -°b
2-°b
1.7°

1.4b
3.2C
3>5d
12.4d
1.8C
1.8C
7.1
5.0
2.0e
1.7C

Kcal/blrd
hour

5.7
13.1
14.4
50.8
7.4
7.4
29.1
20.5
8.2
7.0

5.9
13.4
14.7
52.1
7.6
7.6
29.3
21.0
8.4
7.1

Female8
Time/actlvity
In hours

7.8
2.4
1.1
0.1

3.5
5.7
0,2
0.1
2.1
0.4

5.8
1.8
0.6
0.7
4.0
8.0
0.2
0.2
2.3
0.3

Kcal of
energy

Multiple
of BMR

44.5
31.4
15.8
35.6
25.9
42.2
5.8
2.1
17.2

0.9
3.2
3.5
i2.4
1.2b
1.5b
7.1
5.0b
1.3*
0.9b

3.2
11.5
12.6
44.6
4.3
5,4
25.6
18.0
4.7
3.2

8.5
2.2
1.4
0.7
2.5
6.7
0.1
0.1
1.2
0.6

27.2
25.3
17.6
31.2
10.8
36.2
2.6
1.8
5.6
1.9
160.2

0.9b
3.2
3.5
12.4.

3.3
11.8
13.0
45.9
4.8
5.6
26.3
18.5
4.8
3.3

5.6
1.6
0.7
0.7
3.9
10.1
0.1
0.2
0.7
0.5

18.5
18.9
9.1
32.1
18.7
56.6
2.6
3.7
3.4
1.7
165.3

_Jal
223,3
34.2
24,1
8.8
36.5
30.4
60.8
6.0
4.2
19.3
2.1
226.4

Unpaired male * 4.1 kcal/hr (wt. Y ~ 1.19 kg. H « 9).
Unpaired female “ 3.6 kcal/hr (wt. Y - 0,99 kg. N • 7).
Paired male - 4.2 kcal/hr (wt. Y • 1.24 kg. N - 12),
k
Paired female - 3.7 kcal/hr (wt, Y ~ 1.05 kg. N - 10),
Wooley and Owen 1973. RMR equivalent assumed to equal BMR,
dClng 1974.
Prince 1974.
Aquatic and field feeding combined.

1.5b
7.1
3.0.
3-3b
0.9b

Kcal/blrd
hour

Time/actlvity
in hours

Kcal of
energy
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Unpaired
Sleep
Swim
Walk
Flight
Comfort
Feede
Aggression
Courtship
Alert
Other
Total
Paired
Sleep
Swim
Walk
Flight
Comfort
Feed
Aggression
Courtship
Alert
Other
Total

Hultlple
of BHR
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maintain a seasonal energy balance by behavioral adjustments, whether
in response to severe winter stress or pair-bond maintenance.
Examination of partitioned behavioral energy reveals that an
organism's status influences its energy balance.

Productive energy

expenditures and associated behavior (e.g., courtship activity) are
sacrificed to maintain an existence energy balance.

Early pair for

mation during winter, a productive energy expenditure with potential
advantages to enhance reproductive fitness and success, could not
occur or be maintained if the existence energy balance of each in
dividual were not maintained and excess energy available for pro
ductive energy expenditures.

Observations of courtship and pair

formation during this study indicated that mallards wintering in
Nebraska were not only able to meet existence energy needs, but also
had excess energy available for early pair formation.

Paired males

and females spent 18.6 and 20.4 Kcal/day more for foraging and 7.0
and 8.5 Kcal/day less for walking than their unpaired counterparts.
General observations indicated that paired mallards dominated the
area around exposed corn ears or a concentration of loose kernels,
and often quickly displaced single birds from such sites.

Thus the

foraging efficiency and energy uptake of paired birds was greater
which permitted them to be more active and have excess energy avail
able for productive (pair maintenance) expenditures.

Unpaired birds,

which were forced to spend more time walking and searching for
scattered kernels of corn, compensated for reduced foraging ef
ficiency and energy uptake by being less active at roost sites.
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Total behavioral energy expenditure by paired male and female
mallards were higher than their unpaired counterparts during winter
and spring (Tables 14 and 15), mainly due to increased swimming,
walking, and flight activity.

Foraging energy expenditures for

males and females in spring were 19.0 and 29.5% less than winter
birds, indicating that increased availability of food resources per
mits staging mallards to reduce costly locomotion activities associ
ated with food searching.

Thus, staging mallards alter activity

patterns to maximize migratory fat deposition.

Table IS.

Activity

Multiple
of BMR
i.*;
3.2C
3.5.
12.4J
1.8b
1.8b
7.1
2.0.
2.0?
1.7b

Male1I
Time/actlvlty
Kcal/blrd/
in hours
hour
5.9
13.4
14.7
52.1
7.6
7.6
29.8
21.0
8.4
7.1

2.1
3.4
0.1
1.0
7.4
6.5
0.2
0.2
2.6
0.7

Seal of
energy
12.4
45.6
1.5
52.1
56.2
49.4
6.0
4.2
21.8
5.0
254.2

*BHR: Paired male - 4.2 kcal/hr (wt. T ■ 1.23 kg. N • 8).
b
Paired female “ 3.8 kcal/hr (wt. T ” 1.06 kg. H “ 8).
Wooley and Owen 1978. RMR equlvalen. assumed to equal H®.
‘jlting 1974.
Prince 1979.
*Aquatlc and field feeding combined.

Multiple
of BMR
0.9b
3.2
3.5
12.4
1.2*
1.5
7.1
5‘°b
X*3b
0.9b

Kcal/blrd
hour
3.4
12.2
13.3
47.1
4.6
5.7
27.0
19.0
4.9
3.4

Female*
Tlae/activlty
In hours
1.6
4.0
0.1
1.0
7.5
7.0
0.1
0.3
1.4
1.1

Kcal of
energy
5.4
£8.8
1.3
47.1
34.5
39.9
2.1
5.7
6.9
3.7
196.0
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Sleep
Swim
Ualk
Flight
Comfort
Peed
Aggression
Courtship
Alert
Other
Total

Energy budget of paired mallards during spring staging 1980.

SUMMARY

Chapter I

(1) Population size during winter was influenced by weather condi
tions between and within years; five times more mallards
stayed during the mild winter of 1980.

Significant emigration

occurred during prolonged periods of cold during both study
years suggesting considerable mobility in the population.
(2) Age and sex ratios were adult and male dominated during winter
and spring staging periods of both years; however, disparity
between sex and age was lower during 1980,
(3) Influence of daily weather patterns, level of abundance of
aquatic foods, and differences between riverine and canal geo
physical characteristics and microclimates caused differences
in habitat use patterns.

Riverine habitats were preferred

during mild weather and canal habitats during severe cold.
(4) The number and size of primary and secondary activity centers,
and number of and distance to exp],oratory sites were influenced
by age and sex.

Adults and males preferred canal habitats,

displayed higher roost fidelity, and made fewer exploratory
movements than did their counterparts.
(5) Seasonal behavioral patterns corresponded with physiological
needs.

During cold periods, energetically costly activities
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decreased at roost sites, and field foraging intensity increased.
Activity patterns during spring staging favored optimal deposi
tion of fat reserves.
(6) Time budgets of paired males and females were more similar than
between unpaired birds.

Male activity budgets centered around

comfort movements, alertness, and courtship, whereas females
spent more time foraging and sleeping.

Chapter II

(1) Riverine and canal habitats were utilized as aquatic foraging
sites during winter, and rainwater basins were used during spring
staging.

Although invertebrate densities were low and less than

3% of the diet was consumed in these habitats, aquatic foraging
activity was high, presumably to supplement the corn diet.
(2) Grazed corn stubble fields were preferred agricultural habitat
because the availability of waste corn was highest there and
the activity of cattle broke up snow cover and exposed waste
grain.
(3) During winter, the five most frequent foods in the diet in
descending order were Zea m a y s , Lemna minor, Polygonum spp.,
Echinochloa muricata, and Sorghum vulgare.

Animal matter,

mainly Mollusca, comprised 3% of the diet.
(4) During spring staging, the four most frequent foods in the diet
in descending order were Zea m a y s , Polygonum spp., Sorghum
vulgare, and Echinochloa muricata.
was animal matter.

Less than 1% of the diet
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(2) During winter and staging periods, lipid, water, and protein
(fat-free dry weight) weights were not significantly different
by year and age, but were generally significant by sex.

Female

and yearling lipid weights were nearly equal to or greater than
male and adult counterparts.
(3) Lipid weights increased during late fall, but decreased through
out winter.

Females regained lipid reserves during midwinter,

prior to pre-basic. molt.
(4) Gonadal weights remained low until March, then increased to ap
proximately 25% of breeding weights during the staging period.
Gonadal weight gain was not required for pair formation raising
questions concerning the adaptive advantages of pair formation
and copulatory behavior during winter.
(5) Total energy expenditures did not vary by sex and pair status
although time budgets were significantly different.

Paired

mallards, which were more active than and dominant over unpaired
and single birds, foraged more intensively and efficiently
thereby increasing energy intake.

Unpaired birds, which were

less successful in foraging habitats, decreased activities at
roost sites to conserve energy for thermoregulation.

Spring

stating mallards optimized energy budgets to maximize available
productive energy for migrational fat deposition and reproduc
tive fitness.
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(5) Age and sex effect on diet was not significant; however, females
consumed more waste grain and animal matter than males.

Year

lings selected a smaller variety of food items than adults.
The diets of paired birds were similar although females consumed
slightly more animal matter.
(6) Proximate analysis of the winter diet showed that nutrient le\els
were below those recommended for wild ducks held in captivity.
The corn component of the winter diet provided approximately half
of recommended fat, protein, and fiber, and 1% of calcium require
ments, indicating that natural foods were needed as dietary sup
plements.
(7) Foraging flight distance and time in flight were influenced by
temperature, relative humidity, and snow cover.

During winterv

one foraging flight per day was made to agricultural habitats.
Mallards foraged in

agricultural habitats throughout the day

during spring staging.
(8) Foraging activity and aggressive behavior were more intense dur
ing the cold winter of 1979.

Unpaired and paired females spent

more time foraging than male counterparts, whereas males spent
more time alert.

Field foraging activity during winter was often

interrupted by raptor activity.

Chapter III

(1) Body weights were not significantly different by year and age,
and were within ranges reported from other northern wintering
areas.

Weight generally decreased throughout winter, but re

turned to pre-winter levels during spring staging.
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